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AMYLASES, NUCLEIC ACIDS ENCODING THEM 
AND METHODS FOR MAKING AND USING THEM 

REFERENCE TO SEQUENCE LISTING SUBMITTED ON A COMPACT DISC 
This application includes a compact disc (submitted in quadruplicate) containing a 
sequence listing. The entire content of the sequence listing is herein incorporated by 
reference. The sequence listing is identified on the compact disc as follows. 



File Name 


Date of Creation 


Size (bytes) 


Sequence Listing.txt 


March 4, 2004 


1,798,144 



TECHNICAL FIELD 

This invention relates to molecular and cellular biology and biochemistry. 
In one aspect, the invention is directed to polypeptides having an amylase activity, 
polynucleotides encoding the polypeptides, and methods for making and using these 
polynucleotides and polypeptides. In one aspect, the polypeptides of the invention can 
be used as amylases, for example, alpha amylases or gluco amylases, to catalyze the 
hydrolysis of starch into sugars. In one aspect, the invention is'directed to polypeptides 
having thermostable amylase activity, such as alpha amylases or glucoamylase activity, 
e.g., a 1 ,4-alpha-D-glucan glucohydrolase activity. In one aspect, the polypeptides of the 
invention can be used as amylases, for example, alpha amylases or glucoamylases, to 
catalyze the hydrolysis of starch into sugars, such as glucose. The invention is also 
directed to nucleic acid constructs, vectors, and host cells comprising the nucleic acid 
sequences of the invention as well as recombinant methods for producing the 
polypeptides of the invention. The invention is also directed to the use of amylases of the 
invention in starch conversion processes, including production of high fructose corn syrup 
(HFCS), ethanol, dextrose, and dextrose syrups. 

BACKGROUND 
Starch is a complex carbohydrate often found in the human diet. The 
structure of starch is glucose polymers linked by ot-1,4 and a-1,6 glucosidic bonds. 
Amylase is an enzyme that catalyzes the hydrolysis of starches into sugars. Amylases 

l 
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hydrolyze internal a-l,4-glucosidic linkages in starch, largely at random, to produce 
smaller molecular weight malto-dextrins. The breakdown of starch is important in the 
digestive system and commercially. Amylases are of considerable commercial value, 
being used in the initial stages (liquefaction) of starch processing; in wet corn milling; in 

5 alcohol production; as cleaning agents in detergent matrices; in the textile industry for 
starch desizing; in baking applications; in the beverage industry; in oilfields in drilling 
processes; in inking of recycled paper; and in animal feed. 

Amylases are produced by a wide variety of microorganisms including 
Bacillus and Aspergillus, with most commercial amylases being produced from' bacterial 

10 sources such as Bacillus licheniformis, Bacillus amyloliquefaciens, Bacillus subtilis, or 
Bacillus stearothermophilus. In recent years, the enzymes in commercial use have been 
those from Bacillus licheniformis because of their heat stability and performance, at least 

at neutral and mildly alkaline pHs. 

Commercially, glucoamylases are used to further hydrolyze cornstarch, 

15 which has already been partially hydrolyzed with an alpha-amylase. The glucose 

produced in this reaction may then be converted to a mixture of glucose and fructose by a 
glucose isomerase enzyme. This mixture, or one enriched with fructose, is the high 
fructose corn syrup commercialized throughout the world. In general, starch to fructose 
processing consists of four steps: liquefaction of granular starch, saccharifi cation of the 

20 liquefied starch into dextrose, purification, and isomerization to fructose. The object of a 
starch liquefaction process is to convert a concentrated suspension of starch polymer 
granules into a solution of soluble shorter chain length dextrins of low viscosity. 

The most widely utilized glucoamylase is produced from the fungus 
Aspergillus niger. One of the problems with the commercial use of this enzyme is its 

25 relatively low thermostability. A number of other fungal glucoamylases have been 
reported, including Rizopus, Thielavia, Thermoascus and Talaromyces, and a 
glucoamylase from the thermophilic fungus Thermomyces lanuginosus. 

In general, starch to fructose processing consists of four steps: liquefaction 
of granular starch, saccharification of the liquefied starch into dextrose, purification, and 

30 isomerization to fructose. The object of a starch liquefaction process is to convert a 
concentrated suspension of starch polymer granules into a solution of soluble shorter 
chain length dextrins of low viscosity. This step is essential for convenient handling with 
standard equipment and for efficient conversion to glucose or other sugars. To liquefy 
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granular starch, it is necessary to gelatinize the granules by raising the temperature of the 
granular starch to over about 72°C. The heating process instantaneously disrupts the 
insoluble starch granules to produce a water soluble starch solution. The solubilized 
starch solution is then liquefied by amylase. A starch granule is composed of: 69-74% 
5 amylopectin, 26-3 1 % amylose, 11-1 4% water, 0.2-0.4% protein, 0.5-0.9% lipid, 0.05- 
0. 1 % ash, 0.02-0.03% phosphorus, 0. 1 % pentosan. Approximately 70% of a granule is 
amorphous and 30% is crystalline. 

A common enzymatic liquefaction process involves adjusting the pH of a 
granular starch slurry to between 6.0 and 6.5, the pH optimum of alpha-amylase derived 
1 0 from Bacillus licheniformis, with the addition of calcium hydroxide, sodium hydroxide or 
sodium, carbonate. The addition of calcium hydroxide has the advantage of also providing 
calcium ions which are known to stabilize the alpha-amylase against inactivation. Upon 

i 

addition of alpha-amylase, the suspension is pumped through a steam jet to 
instantaneously raise the temperature to between 80°C to 1 1 5°C. The starch is 
1 5 immediately gelatinized and, due to the presence of alpha-amylase, depolymerized 

through random hydrolysis of a (1-4) glycosidic bonds by alpha-amylase to a fluid mass 
which is easily pumped. 

In a second variation to the liquefaction process, alpha-amylase is added to 
the starch suspension, the suspension is held at a temperature of 80-100°C to partially 

20 hydrolyze the starch granules, and the partially hydrolyzed starch suspension is pumped 
through a jet at temperatures in excess of about 105°C to thoroughly gelatinize any 
remaining granular structure. After cooling the gelatinized starch, a second addition of 
alpha-amylase can be made to further hydrolyze the starch. 

A third variation of this process is called the dry milling process. In dry 

25 milling, whole grain is ground and combined with water. The germ is optionally removed 
by flotation separation or equivalent techniques. The resulting mixture, which contains 
starch, fiber, protein and other components of the grain, is liquefied using alpha-amylase. 
The general practice in the art is to undertake enzymatic liquefaction at a lower 
temperature when using the dry milling process. Generally, low temperature liquefaction 

30 is believed to be less efficient than high temperature liquefaction in converting starch to 
soluble dextrins. 

Typically, after gelatinization the starch solution is held at an elevated 
temperature in the presence of alpha-amylase until a DE of 10-20 is achieved, usually a 
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period of 1-3 hours. Dextrose equivalent (DE) is the industry standard for measuring the 
concentration of total reducing sugars, calculated as D-glucose on a dry weight basis. 
Unhydrolyzed granular starch has a DE of virtually zero, whereas the DE of D-glucose is 
defined as 1 00. 

5 Corn wet milling is a process which produces corn oil, gluten meal, gluten 

feed and starch. Alkaline-amylase is used in the liquefaction of starch and glucoamylase 
is used in saccharification, producing glucose. Corn, a kernel of which consists of a outer 
seed coat (fiber), starch, a combination of starch and glucose and the inner germ, is 
subjected to a four step process, which results in the production of starch. The corn is 

10 steeped, de- germed, de-fibered, and finally the gluten is separated. In the steeping 

process, the solubles are taken out. The product remaining after removal of the solubles 
is de-germed, resulting in production of corn oil and production of an oil cake, which is 
added to the solubles from the steeping step. The remaining product is de-fibered and the 
fiber solids are added to the oil cake/solubles mixture. This mixture of fiber solids, oil 

15 cake and solubles forms a gluten feed. After de-fibering, the remaining product is 

subjected to gluten separation. This separation results in a gluten meal and starch. The 
starch is then subjected to liquefaction and saccharification to produce glucose. 

Staling of baked products (such as bread) has been recognized as a 
problem which becomes more serious as more time lies between the moment of 

20 preparation of the bread product and the moment of consumption. The term staling is 
used to describe changes undesirable to the consumer in the properties of the bread 
product after leaving the oven, such as an increase of the firmness of the crumb, a 
decrease of the elasticity of the crumb, and changes in the crust, which becomes tough 
and leathery. The firmness of the bread crumb increases further during storage up to a 

25 level, which is considered as negative. The increase in crumb firmness, which is 

considered as the most important aspect of staling, is recognized by the consumer a long 
time before the bread product has otherwise become unsuitable for consumption. 

There is a need in the industry for the identification and optimization of 
amylases, useful for various uses, including commercial cornstarch liquefaction 

30 processes. These second generation acid amylases will offer improved manufacturing 
and/or performance characteristics over the industry standard enzymes from Bacillus 
licheniformis, for example. 



4 
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There is also a need for the identification and optimization of amylases 
having utility in automatic dish wash (ADW) products and laundry detergent. In ADW 
products, the amylase will function at pH 10-1 1 and at 45-60°C in the presence of calcium 
chelators and oxidative conditions. For laundry, activity at pH 9-10 and 40°C in the 

5 appropriate detergent matrix will be required. Amylases are also useful in textile 

desizing, brewing processes, starch modification in the paper and pulp industry and other 
processes described in the art. 

Amylases can be used commercially in the initial stages (liquefaction) of 
starch processing; in wet com milling; in alcohol production; as cleaning agents in 

10 detergent matrices; in the textile industry for starch desizing; in baking applications; in 
the beverage industry; in oilfields in drilling processes; in inking of recycled paper and in 
animal feed. Amylases are also useful in textile desizing, brewing processes, starch 
modification in the paper and pulp industry and other processes. 

The publications discussed herein are provided solely for their disclosure 

15 prior to the filing date of the present application. Nothing herein is to be construed as an 
admission that the invention is not entitled to antedate such disclosure by virtue of prior 
invention. 



SUMMARY 

The invention provides isolated or recombinant nucleic acids comprising a 
20 nucleic acid sequence having at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or 
complete (100%) sequence identity to a nucleic acid of the invention, e.g., an exemplary 
25 nucleic acid of the invention, over a region of at least about 10, 15, 20, 25, 30, 35, 40, 45, 
50, 55, 60, 65, 70, 75, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 
1400, 1450, 1500, 1550 or more, residues. In one aspect, the nucleic acid encodes at least 
. one polypeptide having an amylase activity, and the sequence identities are determined by 
30 analysis with a sequence comparison algorithm or by a visual inspection. In another 
aspect, the invention provides nucleic acids for use as probes, inhibitory molecules (e.g., 

■ # 

antisense, iRNAs), transcriptional or translational regulation, and the like. Exemplary 
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nucleic acids of the invention include isolated or recombinant nucleic acids comprising a 
nucleic acid sequence as set forth in SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ 
ID NO: 9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID 
NO: 19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID 
5 NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID 
NO:39, SEQ ID NO:41, SEQ ED NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID 
NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID 
NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID 
NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID 

10 NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID 
NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID 
NO:99, SEQ ID NO:101, SEQ ID NO:103, SEQ ID NO:105, SEQ ID NO:107, SEQ ID 
NO: 109, SEQ ID NO:l 1 1, SEQ ID NO: 113, SEQ ID NO: 115, SEQ ID NO: 11 7, SEQ ID 
NO: 119, SEQ ID NO: 121, SEQ ID NO: 123, SEQ ID NO: 125, SEQ ID NO: 127, SEQ ID 

15 NO: 129, SEQ ID NO:131, SEQ ID NO: 133, SEQ ID NO: 135, SEQ ID NO: 137, SEQ ID 
NO: 139, SEQ ID NO: 141, SEQ ID NO: 143, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID 
NO: 1 49, SEQ ID NO: 1 5 1 , SEQ ID NO: 1 53, SEQ ID NO: 1 55, SEQ ID NO: 157, SEQ ID 
NO: 159, SEQ ID NO: 161, SEQ ID NO: 163, SEQ ID NO: 165, SEQ ID NO: 167, SEQ ID 
NO: 189, SEQ ID NO: 191, SEQ ID NO: 193, SEQ ID NO:203, SEQ ID NO:205, SEQ ID 

20 NO:207, SEQ ID NO:209, SEQ ID NO:21 1 , SEQ ID NO:322, SEQ ID NO:324, SEQ ID 
NO:326, SEQ ID NO:328, SEQ ID NQ:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID 
NO:336, SEQ ID NO:338, SEQ ID NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID 
NO:346, SEQ ID NO:348, SEQ ID NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID 
NO.356, SEQ ID NO:358, SEQ ID NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID 

25 NO:366, SEQ ID NO:368, SEQ ID NO:370, SEQ ID NO:372, SEQ ID NO:374, SEQ ID 
NO:376, SEQ ID NO:378, SEQ ID NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID 
NO:386, SEQ ID NO:388, SEQ ID NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID 
NO:396, SEQ ID NO:398, SEQ ID NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID 
NO:406, SEQ ID NO:408, SEQ ID NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ID 

30 NO:416, SEQ ID NO:418, SEQ ID NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID 
NO:426, SEQ ID NO:428, SEQ ID NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID 
NO:436, SEQ ID NO:438, SEQ ID NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID 
NO:446, SEQ ID NO:448, SEQ ID NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID 
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NO:456, SEQ ID NO:458, SEQ ID NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID 
NO:465, SEQ ID NO:467, SEQ ID NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID 
NO:480, SEQ ID NO:484, SEQ ID NO:486, SEQ ID NO:492, SEQ ID NO:494, SEQ ID 
NO:498, SEQ ID NO:500, SEQ ID NO:509, SEQ ID NO:51 1, SEQ ID NO:5I5, SEQ ID 
5 NO:517, SEQ ID NO:517, SEQ ID NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID 
NO:527, SEQ ID NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID 
NO:541, SEQ ID NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID 
NO:558, SEQ ID NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID 
NO:571, SEQ ID NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID 

10 NO:581 , SEQ ID NO:583, SEQ ID NO:585, SEQ ID NO-.587, SEQ ID NO:593, SEQ ID 
NO.603, SEQ ID NO:605, SEQ ID NO.607, SEQ ID NO.609, SEQ ID NO:61 1, SEQ ID 
NO:613, SEQ ID NO:615, SEQ ID NO:617, SEQ ID NO:619 or SEQ ID NO:621, and 
subsequences thereof, e.g., at least about 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 

15 1050, 1 100, 1 150, 1200, 1250, 1300, 1350, 1400, 1450, 1500 or more residues in length, 
or over the full length of a gene or transcript. 

4 

Exemplary nucleic acids of the invention also include isolated or 
recombinant nucleic acids encoding a polypeptide of the invention, e.g., an exemplary 
polypeptide having a sequence as set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
20 NO:6, SEQ ID NO: 1 0, SEQ ID NO: 1 2, SEQ ID NO: 1 4, SEQ ID NO: 1 6, SEQ ID NO: 1 8, 
SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ 
ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38, SEQ ID 
NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID NO:46, SEQ ID NO:48, SEQ ID 
NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID NO:56, SEQ ID NO:58, SEQ ID 
25 NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:68, SEQ ID 
NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ rD NO:76, SEQ ID NO:78, SEQ ID 
NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID NO:86, SEQ ID NO:88, SEQ ID 
NO:90, SEQ ID NO:92, SEQ ID NO:94, SEQ ID NO:96, SEQ ID NO:98, SEQ ID 
NO: 100, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, SEQ ID 
30 NO: 110, SEQ ID NO: 11 2, SEQ ID NO: 114, SEQ ID NO:l 16, SEQ ID NO:l 18, SEQ ID 
NO:120, SEQ ID NO:122, SEQ ID NO:124, SEQ ID NO:126, SEQ ID NO:128, SEQ ID 
NO: 130, SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID NO: 136, SEQ ID NO: 138, SEQ ID 
NO:140, SEQ IDNO.142, SEQ ID NO:144, SEQ IDNO:146, SEQ ID NO:148, SEQ ID 
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NO:574, SEQ ID NO:576, SEQ ID NO:578, SEQ ID NO:580, SEQ ID NO:582, SEQ ID 
NO:584, SEQ ID NO:586, SEQ ID NO:588, SEQ ID NO:589, SEQ ID NO.590, SEQ ID 
NO:591, SEQ ID NO:592, SEQ ID NO:594, SEQ ID NO:604, SEQ ID NO:606, SEQ ID 
NO:608, SEQ ID NO:610, SEQ ID NO:612, SEQ ID NO:614, SEQ ID NO:616, SEQ ID 

5 NO:61 8, SEQ ID NO:620 or SEQ ID NO:622, and subsequences thereof and variants 
thereof, and polypeptides having at least about 50% (or more, as described below) 
sequence identity to an exemplary polypeptide of the invention. In one aspect, the 
polypeptide has an amylase activity, e.g., an alpha amylase or glucoamylase activity 
(alternative amylase activities described further, below). In one aspect the polypeptide 

10 acts as an immunogen or epitope. 

In one aspect, the invention also provides amylase-encoding nucleic acids with 
a common novelty in that they are derived from mixed cultures. The invention provides 
amylase-encoding nucleic acids isolated from mixed cultures comprising a nucleic acid 
sequence having at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 

15 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or complete (100%) 
sequence identity to an exemplary nucleic acid of the invention over a region of at least 
about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 100, 150, 200, 250, 300, 350, 

20 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1 100, 1 150, 
1200, 1250, 1300, 1350, 1400, 1450, 1500, 1550 or more, residues, wherein the nucleic 
acid encodes at least one polypeptide having an amylase activity, and the sequence 
identities are determined by analysis with a sequence comparison algorithm or by a visual 
inspection. In one aspect, the invention provides amylase-encoding nucleic acids isolated 

25 from mixed cultures comprising a nucleic acid of the invention, e.g., an exemplary 
nucleic acid of the invention, e.g., a sequence as set forth in SEQ ID NO:l, SEQ ID 
NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, etc., and subsequences thereof, e.g., 
at least about 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 
450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1 100, 1 150, 1200, 

30 1250, 1300, 1350, 1400, 1450, 1500 or more residues in length, or over the full length of 
a gene or transcript; or, a nucleic acid encoding a polypeptide of the invention. 

In one aspect, the invention also provides amylase-encoding nucleic acids with 
a common novelty in that they are derived from environmental sources, e.g., mixed 
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environmental sources. In one aspect, the invention provides amylase-encoding nucleic 
acids isolated from environmental sources, e.g., mixed environmental sources, comprising 
a nucleic acid sequence having at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 
5 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or 
complete (100%) sequence identity to an exemplary nucleic acid of the invention over a 
region of at least about 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 

10 1400, 1450, 1500, 1550 or more, residues, wherein the nucleic acid encodes at least one 
polypeptide having an amylase activity, and the sequence identities are determined by 
analysis with a sequence comparison algorithm or by a visual inspection. In one aspect, 
the invention provides amylase-encoding nucleic acids isolated from environmental 
sources, e.g., mixed environmental sources, comprising a nucleic acid of the invention, 

15 e.g., an exemplary nucleic acid sequence of the invention as set forth in SEQ ID NO:l, 
SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, etc., SEQ ID NO:583, 
SEQ ID NO:585, and subsequences thereof, e.g., at least about 10, 15, 20, 25, 30, 35, 40, 
45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 
850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500 or 

20 more residues in length, or over the full length of a gene or transcript; or, a nucleic acid 
encoding a polypeptide of the invention. 

In one aspect, the invention also provides amylases, and amylase-encoding 
nucleic acids, with a common novelty in that they are derived from archael sources, 
including the archael-derived amylases of SEQ ID NO:80 (encoded by SEQ ID NO:79), 

25 SEQ ID NO: 82 (encoded by SEQ ID NO: 81), SEQ ID NO: 1 1 6 (encoded by SEQ ID 
NO:l 15), SEQ ID NO:323 (encoded by SEQ ID NO:322), SEQ NO: 570 (encoded by 
SEQ ID NO: 169). 

In one aspect, the sequence comparison algorithm is a BLAST version 2.2.2 
algorithm where a filtering setting is set to blastall -p blastp -d "nr pataa" -F F, and all 
30 other options are set to default. 

Another aspect of the invention is an isolated or recombinant nucleic acid 
including at least 10 consecutive bases of a nucleic acid sequence of the invention, 
sequences substantially identical thereto, and the sequences complementary thereto. 

10 
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In one aspect, the amylase activity comprises a-amylase activity, including the 
ability to hydrolyze internal alpha- 1 ,4-glucosidic linkages in starch to produce smaller 
molecular weight malto-dextrins. In one aspect, the a-amylase activity includes 
hydrolyzing internal alpha- 1 ,4-glucosidic linkages in starch at random. The amylase 
5 activity can comprise an a-amylase activity, a B-amylase activity, a glucoamylase 
activity, a 1 ,4-a-D-glucan glucohydrolase activity, an exoamylase activity, a glucan a- 
maltotetrahydrolase activity, amaltase activity, an isomaltase activity, a glucan 1, 4, a- 
glucosidase activity, an a-glucosidase activity, a sucrase activity or an agarase activity 
(e.g., a 6-agarase activity). 

10 The amylase activity can comprise hydrolyzing glucosidic bonds. In one 

aspect, the glucosidic bonds comprise an a- 1,4- glucosidic bond. In another aspect, the 
glucosidic bonds comprise an a-l,6-glucosidic bond. In one aspect, the amylase activity 
comprises hydrolyzing glucosidic bonds in starch, e.g., liquefied starch. The amylase 
activity can further comprise hydrolyzing glucosidic bonds into maltodextrins. In one 

15 aspect, the amylase activity comprises cleaving a maltose or a D-glucose unit from non- 
reducing end of the starch. 

In one aspect, the isolated or recombinant nucleic acid encodes a polypeptide 
having an amylase activity which is thermostable. The polypeptide can retain an amylase 
activity under conditions comprising a temperature range of anywhere between about 0°C 

20 to about 37°C, or, between about 37°C to about 95°C or more, e.g., 98°C, 1 00°C or more; 
between about 55°C to about 85°C, between about 70°C to about 95°C, or, between about 
90°C to about 95°C. For example, the exemplary polypeptide having a sequence as set 
forth in SEQ ID NO:437 is thermostable, retaining 50% activity after 25 minutes at 100°C 
in the absence of added calcium. 

25 In another aspect, the isolated or recombinant nucleic acid encodes a , 

polypeptide having an amylase activity which is thermotolerant. The polypeptide can 
retain an amylase activity after exposure to a temperature in the range from greater than 
37°C to about 95°C or anywhere in the range from greater than 55°C to about 85°C. In 
one aspect, the polypeptide retains an amylase activity after exposure to a temperature in 

30 the range from greater than 90°C to about 95°C at pH 4.5. 

The invention provides isolated or recombinant nucleic acids comprising a 
sequence that hybridizes under stringent conditions to a nucleic acid of the invention, e.g., 
an exemplary nucleic acid of the invention, a nucleic acid comprising a sequence as set 
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forth in SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO: 1 1, 
SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO:21, SEQ 
ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID 
NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID 
5 NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID 
NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:59, SEQ ID NO:61, SEQ ID 
NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ IDNO:71, SEQ ID 
NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NO:79, SEQ ID NO:81, SEQ ID 
NO: 83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID NO:89, SEQ ID NO:91, SEQ ID 

10 NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID NO:99, SEQ ID NO:101, SEQ ID 

NO: 1 03, SEQ ID NO: 1 05, SEQ ID NO: 1 07, SEQ ID NO: 1 09, SEQ ID NO: 1 1 1 , SEQ ID 
NO: 1 1 3, SEQ ID NO: 1 1 5, SEQ ID NO: 1 1 7, SEQ ID NO: 1 1 9, SEQ ID NO: 1 2 1 , SEQ ID 
NO: 1 23, SEQ ID NO: 125, SEQ ID NO: 1 27, SEQ ID NO: 1 29, SEQ ID NO: 1 3 1 , SEQ ID 
NO:133, SEQ ID NO:135, SEQ ID NO:137, SEQ IDNO:139, SEQ ID NO:141, SEQ ID 

15 NO:143, SEQ ID NO:145, SEQ ID NO:147, SEQ ID NO:149, SEQ ID NO:151, SEQ ID 
NO: 153, SEQ ID NO: 155, SEQ ID NO: 157, SEQ ID NO: 159, SEQ ID NO: 161, SEQ ID 
NO: 163, SEQ ID NO: 165, SEQ ID NO: 167, SEQ ID NO: 189, SEQ ID NO:191, SEQ ID 
NO: 193, SEQ ID NO:203, SEQ ID NO:205, SEQ ID NO:207, SEQ ID NO:209, SEQ ID 
NO:21 1, SEQ ID NO:322, SEQ ID NO:324, SEQ ID NO:326, SEQ ID NO:328, SEQ ID 

20 NO:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID NO:336, SEQ ID NO:338, SEQ ID 
NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID NO:346, SEQ ID NO:348, SEQ ID 
NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID NO:356, SEQ ID NO:358, SEQ ID 
NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID NO:366, SEQ ID NO:368, SEQ ID 
NO:370, SEQ ID NO:372, SEQ ID NO:374, SEQ ID NO:376, SEQ ID NO:378, SEQ ID 

25 NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID NO:386, SEQ ID NO:388, SEQ ID 
NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID NO:396, SEQ ID NO:398, SEQ ID 
NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID NO:406, SEQ ID NO:408, SEQ ID 
NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ID NO:416, SEQ ID NO:418, SEQ ID 
NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID NO:426, SEQ ID NO:428, SEQ ID 

30 NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID NO:436, SEQ ID NO:438, SEQ ID 
NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID NO:446, SEQ ID NO:448, SEQ ID 
NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID NO:456, SEQ ID NO:458, SEQ ID 
NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID NO:465, SEQ ID NO:467, SEQ ID 

12 
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NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID NO:480, SEQ ID NO:484, SEQ ID 
NO:486, SEQ ID NO:492, SEQ ID NO:494, SEQ ID NO:498, SEQ ID NO:500, SEQ ID 
NO:509, SEQ ID NO:511, SEQ ID NO:515, SEQ IDNO:517, SEQ ID NO:517, SEQ ID 
NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID NO:527, SEQ ID NO:529, SEQ ID 
5 NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID NO:541, SEQ ID NO:544, SEQ ID 
NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID NO:558, SEQ ID NO:560, SEQ ID 
NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID NO:571, SEQ ID NO:573, SEQ ID 
NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID NO:581, SEQ ID NO:583, SEQ ID 
NO:585, SEQ ID NO:587, SEQ ID NO:593, SEQ ID NO:603, SEQ ID NO.605, SEQ ID 

10 NO:607, SEQ ID NO:609, SEQ ID NO:61 1, SEQ ID NO:613, SEQ ID NO:615, SEQ ID 
NO.-617, SEQ ID NO:619 or SEQ ID NO:621, or fragments or subsequences thereof. In 
one aspect, the nucleic acid encodes a polypeptide having an amylase activity. The 
nucleic acid can be at least about 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 
550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1 100, 1 150, 1200, 1250, 1300, 

15 1350, 1400, 1450, 1500 or more residues in length or the full length of the gene or 

transcript. In one aspect, the stringent conditions include a wash step comprising a wash 
in 0.2X SSC at a temperature of about 65°C for about 1 5 minutes. 

The invention provides a nucleic acid probe for identifying a nucleic acid 
encoding a polypeptide having an amylase activity, wherein the probe comprises at least 

20 about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 150, 200, 
250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000 or more, 
consecutive bases of a sequence comprising a sequence of the invention, or fragments or 
subsequences thereof, wherein the probe identifies the nucleic acid by binding or 
hybridization. The probe can comprise an oligonucleotide comprising at least about 10 to 

25 50, about 20 to 60, about 30 to 70, about 40 to 80, or about 60 to 100 consecutive bases of 

« 

a sequence comprising a sequence of the invention, or fragments or subsequences thereof. 

The invention provides a nucleic acid probe for identifying a nucleic acid 
encoding a polypeptide having an amylase activity, wherein the probe comprises a 
nucleic acid comprising a sequence at least about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 
30 60, 65, 70, 75, 80, 90, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1000 or more residues having at least about 50%, 51%, 
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 
67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
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82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99%, or more, or complete (100%) sequence identity to a nucleic acid of the 
invention, wherein the sequence identities are determined by analysis with a sequence 
comparison algorithm or by visual inspection. 
5 The probe can comprise an oligonucleotide comprising at least about 10 to 

50, about 20 to 60, about 30 to 70, about 40 to 80, or about 60 to 100 consecutive bases of 
a nucleic acid sequence of the invention, or a subsequence thereof 

The invention provides an amplification primer sequence pair for 
amplifying a nucleic acid encoding a polypeptide having an amylase activity, wherein the 

10 primer pair is capable of amplifying a nucleic acid comprising a sequence of the 
invention, or fragments or subsequences thereof. One or each member of the 
amplification primer sequence pair can comprise an oligonucleotide comprising at least 
about 10 to 50 consecutive bases of the sequence. 

The invention provides methods of amplifying a nucleic acid encoding a 

15 polypeptide having an amylase activity comprising amplification of a template nucleic 
acid with an amplification primer sequence pair capable of amplifying a nucleic acid 
sequence of the invention, or fragments or subsequences thereof. 

The invention provides expression cassettes comprising a nucleic acid of the 
invention or a subsequence thereof. In one aspect, the expression cassette can comprise 

20 the nucleic acid that is operably linked to a promoter. The promoter can be a viral, 
bacterial, mammalian or plant promoter. In one aspect, the plant promoter can be a 
potato, rice, corn, wheat, tobacco or barley promoter. The promoter can be a constitutive 
promoter. The constitutive promoter can comprise CaMV35S. In another aspect, the 
promoter can be an inducible promoter. In one aspect, the promoter can be a tissue- 

25 specific promoter or an environmentally regulated or a developmental ly regulated 

promoter. Thus, the promoter can be, e.g., a seed-specific, a leaf-specific, a root-specific, 
a stem-specific or an abscission-induced promoter. In one aspect, the expression cassette 
can further comprise a plant or plant virus expression vector. 

The invention provides cloning vehicles comprising an expression cassette 

30 (e.g., a vector) of the invention or a nucleic acid of the invention. The cloning vehicle 
can be a viral vector, a plasmid, a phage, a phagemid, a cosmid, a fosmid, a bacteriophage 
or an artificial chromosome. The viral vector can comprise an adenovirus vector, a 
retroviral vector or an adeno-associated viral vector. The cloning vehicle can comprise a 
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bacterial artificial chromosome (BAC), a plasmid, a bacteriophage PI -derived vector 
(PAC), a yeast artificial chromosome (YAC), or a mammalian artificial chromosome 
(MAC). 

The invention provides transformed cell comprising a nucleic acid of the 

5 invention or an expression cassette (e.g., a vector) of the invention, or a cloning vehicle of 
the invention. In one aspect, the transformed cell can be a bacterial cell, a mammalian 
cell, a fungal cell, a yeast cell, an insect cell or a plant cell. In one aspect, the plant cell 
can be a potato, wheat, rice, corn, tobacco or barley cell. 

The invention provides transgenic non-human animals comprising a 

10 nucleic acid of the invention or an expression cassette (e.g., a vector) of the invention. In 
one aspect, the animal is a mouse. 

The invention provides transgenic plants comprising a nucleic acid of the 
invention or an expression cassette (e.g., a vector) of the invention. The transgenic plant 
can be a corn plant, a potato plant, a tomato plant, a wheat plant, an oilseed plant, a 

15 rapeseed plant, a soybean plant, a rice plant, a barley plant or a tobacco plant. 

The invention provides transgenic seeds comprising a nucleic acid of the 
invention or an expression cassette (e.g., a vector) of the invention. The transgenic seed 
can be a corn seed, a wheat kernel, an oilseed, a rapeseed, a soybean seed, a palm kernel, 
a sunflower seed, a sesame seed, a peanut or a tobacco plant seed. 

20 The invention provides an antisense oligonucleotide comprising a nucleic 

acid sequence complementary to or capable of hybridizing under stringent conditions to a 
nucleic acid of the invention. The invention provides methods of inhibiting the 
translation of an amylase message in a cell comprising administering to the cell or 
expressing in the cell an antisense oligonucleotide comprising a nucleic acid sequence 

25 complementary to or capable of hybridizing under stringent conditions to a nucleic acid 
of the invention. 

The invention provides an isolated or recombinant polypeptide comprising 
an amino acid sequence having at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 
30 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or 
complete (100%) sequence identity to an exemplary polypeptide or peptide of the 
invention over a region of at least about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
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75, 80, 90, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 
750, 800, 850, 900, 950, 1000, 1050, 1 100, 1 150, 1200, 1250, 1300, 1350, 1400, 1450, 
1 500, 1 550 or more residues, or over the full length of the polypeptide, and the sequence 
identities are determined by analysis with a sequence comparison algorithm or by a visual 
5 inspection. Exemplary polypeptide or peptide sequences of the invention include SEQ ID 
NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, 
SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ 
ID NO:26, SEQ ID NO:28, SEQ ID NO.30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID 
NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID 
10 NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID 
NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID 
NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ ID 
NO:76, SEQ ID NO:78, SEQ ID NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID 
NO:86, SEQ ID NO:88, SEQ ID NO:90, SEQ ID NO:92, SEQ ID NO:94, SEQ ID 
15 NO:96, SEQ ID NO:98, SEQ ID NO: 100, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID 
NO: 1 06, SEQ ID NO: 1 08, SEQ ID NO: 1 1 0, SEQ ID NO: 1 1 2, SEQ ID NO: 1 14, SEQ ID 
NO:l 16, SEQ ID NO:l 18, SEQ ID NO: 120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID 
NO: 1 26, SEQ ID NO: 1 28, SEQ ID NO: 1 30, SEQ ID NO: 1 32, SEQ ID NO: 1 34, SEQ ID 
NO: 136, SEQ ID NO: 13 8, SEQ ID NO: 140, SEQ ID NO: 142, SEQ ID NO: 144, SEQ ID 
20 NO: 1 46, SEQ ID NO: 1 48, SEQ ID NO: 1 50, SEQ ID NO: 1 52, SEQ ID NO: 1 54, SEQ ID 
NO:156, SEQ ID NO:158, SEQ ID NO:160, SEQ ID NO:162, SEQ ID NO:164, SEQ ID 
NO: 166, SEQ ID NO: 168, SEQ ID NO: 190, SEQ ID NO: 192, SEQ ID NO: 194, SEQ ID 
NO:204, SEQ ID NO:206, SEQ ID NO:208, SEQ ID NO:210, SEQ ID NO:212, SEQ ID 
NO:323, SEQ ID NO:325, SEQ ID NO.327, SEQ ID NO:329, SEQ ID NO:331, SEQ ID 
25 NO:333, SEQ ID NO:335, SEQ ID NO:337, SEQ IDNO:339, SEQ ID NO:341, SEQ ID 
NO:343, SEQ ID NO:345, SEQ ID NO:347, SEQ ID NO:349, SEQ ID NO:351, SEQ ID 
NO.353, SEQ ID NO:355, SEQ ID NO:357, SEQ ID NO:359, SEQ ID NO:361, SEQ ID 
NO:363, SEQ ID NO:365, SEQ ID NO:367, SEQ ID NO:369, SEQ ID NO:371, SEQ ID 
NO.-373, SEQ ID NO:375, SEQ ID NO:377, SEQ ID NO:379, SEQ ID NO:381, SEQ ID 
30 NO:383, SEQ ID NO:385, SEQ ID NO:387, SEQ ID NO:389, SEQ ID NO:391 , SEQ ID 
NO:393, SEQ ID NO:395, SEQ ID NO:397, SEQ ID NO:399, SEQ ID NO:401, SEQ ID 
NO:403, SEQ ID NO:405, SEQ ID NO:407, SEQ ID NO.409, SEQ ID NO:41 1, SEQ ID 
NO.-413, SEQ ID NO:41 5, SEQ ID NO:417, SEQ ID NO:419, SEQ ID NO:421, SEQ ID 
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NO:423, SEQ ID NO:425, SEQ ID NO:427, SEQ ID NO:429, SEQ ID NO:43 1 , SEQ ID 
NO:433, SEQ ID NO:435, SEQ ID NO:437, SEQ ID NO:439, SEQ ID NO:441, SEQ ID 
NO:443, SEQ ID NO:445, SEQ ID NO:447, SEQ ID NO:449, SEQ ID NO:451, SEQ ID 
NO:453, SEQ ID NO:455, SEQ ID NO:457, SEQ ID NO.459, SEQ ID NO:461, SEQ ID 
5 NO:461, SEQ ID NO:463, SEQ ID NO:464, SEQ ID NO:466, SEQ ID NO:468, SEQ ID 
NO:469, SEQ ID NO.470, SEQ ID NO:471, SEQ ID NO:472, SEQ ID NO:474, SEQ ID 
NO:476, SEQ ID NO:477, SEQ ID NO:479, SEQ ID NO:481, SEQ ID NO:482, SEQ ID 
NO:483, SEQ ID NO:485, SEQ ID NO:487, SEQ ID NO:488, SEQ ID NO:489, SEQ ID 
NO:490, SEQ ID NO:491, SEQ ID NO:493, SEQ ID NO:495, SEQ ID NO:496, SEQ ID 

10 NO:497, SEQ ID NO:499, SEQ ID NO:501, SEQ ID NO:502, SEQ ID NO.503, SEQ ID 
NO:504, SEQ ID NO.505, SEQ ID NO:506, SEQ ID NO:507, SEQ ID NO:508, SEQ ID 
NO:510, SEQ ID NO:512, SEQ ID NO:513, SEQ ID NO:514, SEQ ID NO:516, SEQ ID 
NO:518, SEQ ID NO:518, SEQ ID NO:520, SEQ ID NO:521, SEQ ID NO:523, SEQ ID 
NO:525, SEQ ID NO:526, SEQ ID NO:528, SEQ ID NO:530, SEQ ID NO:531, SEQ ID 

15 NO:533, SEQ ID NO:535, SEQ ID NO:536, SEQ ID NO:537, SEQ ID NO:538, SEQ ID 
NO:540, SEQ ID NO:542, SEQ ID NO.543, SEQ ID NO:545, SEQ ID NO:547, SEQ ID 
NO:548, SEQ ID NO:549, SEQ ID NO:550, SEQ ID NO.551, SEQ ID NO:553, SEQ ID 
NO:555, SEQ ID NO:556, SEQ ID N0.557, SEQ ID NO:559, SEQ ID NO:561, SEQ ID 
NO:562, SEQ ID NO:563, SEQ ID NO:564, SEQ ID NO:566, SEQ ID NO:568, SEQ ID 

20 NO:570, SEQ ID NO:572, SEQ ID NO:574, SEQ ID NO:576, SEQ ID NO.578, SEQ ID 
NO:580, SEQ ID NO:582, SEQ ID NO:584, SEQ ID NO:586, SEQ ID NO:588, SEQ ID 
NO:589, SEQ ID NO:590, SEQ ID NO:591, SEQ ID NO:592, SEQ ID NO:594, SEQ ID 
NO:604, SEQ ID NO:606, SEQ ID NO.608, SEQ ID NO:610, SEQ ID NO:612, SEQ ID 
NO:614, SEQ ID NO:616, SEQ ID NO:618, SEQ ID NO.620 or SEQ ID NO:622, and 

25 subsequences thereof and variants thereof, e.g., at least about 10, 15, 20, 25, 30, 35, 40, 
45, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 
850, 900,950, 1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500 or 
more residues in length, or over the full length of an enzyme. Exemplary polypeptide or 
peptide sequences of the invention include sequence encoded by a nucleic acid of the 

30 invention. Exemplary polypeptide or peptide sequences of the invention include 
polypeptides or peptides specifically bound by an antibody of the invention. In one 
aspect, a polypeptide of the invention has at least one amylase activity, e.g., an alpha 
amylase activity. 
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Another aspect of the invention is an isolated or recombinant polypeptide 
or peptide including at least 1 0 consecutive bases of a polypeptide or peptide sequence of 
the invention, sequences substantially identical thereto, and the sequences complementary 
thereto. 

In one aspect, the amylase activity of a polypeptide or peptide of the 
invention comprises an a-amylase activity, including the ability to hydrolyze internal 
alpha- 1,4-glucosidic linkages in starch to produce smaller molecular weight malto- 
dextrins. In one aspect, the a-amylase activity includes hydrolyzing internal alpha- 1,4- 
glucosidic linkages in starch at random. The amylase activity can comprise a 
glucoamylase activity, a 1 ,4-a-D-glucan glucohydrolase activity, an a-amylase activity, 
an exoamylase activity, or a fl-amylase activity. The amylase activity can comprise 
hydrolyzing glucosidic bonds. In one aspect, the glucosidic bonds comprise an a- 1,4- 
glucosidic bond. In another aspect, the glucosidic bonds comprise an a-l,6-glucosidic 
bond. In one aspect, the amylase activity comprises hydrolyzing glucosidic bonds in 
starch, e.g., liquefied starch. The amylase activity can further comprise hydrolyzing 
glucosidic bonds into maltodextrins. In one aspect, the amylase activity comprises 
cleaving a maltose or a D-glucose unit from non-reducing end of the starch. 

In one aspect, the amylase activity of the invention comprises a 
glucoamylase activity, which can comprise catalysis of the hydrolysis of glucosidic 
bonds. The glucoamylase activity of the invention can comprise catalyzing the step-wise 
hydrolytic release of D-glucose from the non-reducing ends of starch or other related 
dextrins. The glucoamylase activity can comprise a 1,4-a-D-glucan glucohydralase 
activity. The glucoamylase activity can comprise catalysis of the hydrolysis of malto- 
dextrins resulting in the generation of free glucose. The glucoamylase activity can 
comprise an exoamylase activity. The glucoamylase activity can comprise an a-amylase 
or a G-amylase activity. The hydrolyzed glucosidic bonds can comprise a-1 ,4-glucosidic 
bonds or a-l,6-glucosidic bonds. The glucoamylase activity can comprise hydrolyzing 
glucosidic bonds in a starch. The glucoamylase activity can further comprise hydrolyzing 
glucosidic bonds in the starch to produce maltodextrines. The glucoamylase activity can 
comprise cleaving a maltose or a D-glucose unit from non-reducing end of the starch. 

In one aspect, the amylase activity can be thermostable. The polypeptide 
can retain an amylase activity under conditions comprising a temperature range of 
between about 37°C to about 95°C, between about 55°C to about 85°C, between about 
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70°C to about 95°C, or between about 90°C to about 95°C. In another aspect, the amylase 
activity can be thermotolerant. The polypeptide can retain an amylase activity after 
exposure to a temperature in the range from greater than 37°C to about 95°C, or in the 
range from greater than 55°C to about 85°G. In one aspect, the polypeptide can retain an 
5 amylase activity after exposure to a temperature in the range from greater than 90°C to 
about 95°C at pH 4.5. 

In one aspect, the isolated or recombinant polypeptide can comprise the 
polypeptide of the invention that lacks a signal sequence. In one aspect, the isolated or 
recombinant polypeptide can comprise the polypeptide of the invention comprising a 
10 heterologous signal sequence, such as a heterologous amylase or non-amylase signal 
sequence. 

In one aspect, the invention provides a signal sequence comprising a 
peptide as set forth in Table 3. In one aspect, the invention provides a signal sequence 
consisting of a peptide as set forth in Table 3. In one aspect, the invention provides 

15 chimeric proteins comprising a first domain comprising a signed sequence of the invention 
and at least a second domain. The protein can be a fusion protein. The second domain 
can comprise an enzyme. The enzyme can be an amylase (e.g., an amylase of the 
invention, or, another amylase). 

In one aspect, the amylase activity comprises a specific activity at about 

20 37°C in the range from about 10 to 10,000, or, 100 to about 1000 units per milligram of 
protein. In another aspect, the amylase activity comprises a specific activity from about 
500 to about 750 units per milligram of protein. Alternatively, the amylase activity 
comprises a specific activity at 37°C in the range from about 500 to about 1200 units per 
milligram of protein. In one aspect, the amylase activity comprises a specific activity at 

25 37°C in the range from about 750 to about 1000 units per milligram of protein. In another 
aspect, the thermotolerance comprises retention of at least half of the specific activity of 
the amylase at 37°C after being heated to the elevated temperature. Alternatively, the 
thermotolerance can comprise retention of specific activity at 37°C in the range from 
about 500 to about 1200 units per milligram of protein after being heated to the elevated 

30 temperature. 

The invention provides isolated or recombinant polypeptides of the 
invention, wherein the polypeptide comprises at least one glycosylation site. In one 
aspect, glycosylation can be an N-linked glycosylation. In one aspect, the polypeptide 
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can be glycosylated after being expressed in a P. pastoris or a S. pombe. The invention 
also provides methods for adding glycosylation to a polypeptide, either post- 
radiational ly or chemically, to change the property of the polypeptides, e.g., its thermal 
stability, solubility, tendency to aggregate, and the like. 

In one aspect, the polypeptide can retain an amylase activity under 
conditions comprising about pH 6.5, pH 6, pH 5.5, pH 5, pH 4.5 or pH 4. In another 
aspect, the polypeptide can retain an amylase activity under conditions comprising about 
pH 7, pH 7.5 pH 8.0, pH 8.5, pH 9, pH 9.5, pH 10, pH 10.5 or pH 1 1 . 

The invention provides protein preparations comprising a polypeptide of 
the invention, wherein the protein preparation comprises a liquid, a solid or a gel. 

The invention provides heterodimers comprising a polypeptide of the 
invention and a second domain. In one aspect, the second domain can be a polypeptide 
and the heterodimer can be a fusion protein. In one aspect, the second domain can be an 
epitope or a tag. In one aspect, the invention provides homodimers comprising a 
polypeptide of the invention. 

The invention provides immobilized polypeptides having an amylase 
activity, wherein the polypeptide comprises a polypeptide of the invention, a polypeptide 
encoded by a nucleic acid of the invention, or a polypeptide comprising a polypeptide of 
the invention and a second domain. In one aspect, the polypeptide can be immobilized on 
a cell, a metal, a resin, a polymer, a ceramic, a glass, a microelectrode, a graphitic 
particle, a bead, a gel, a plate, an array or a capillary tube. 

The invention provides arrays comprising an immobilized nucleic acid of 
the invention. The invention provides arrays comprising an antibody of the invention. 

The invention provides isolated or recombinant antibodies that specifically 
bind to a polypeptide of the invention or to a polypeptide encoded by a nucleic acid of the 
invention. The antibody can be a monoclonal or a polyclonal antibody. The invention 
provides hybridomas comprising an antibody of the invention, e.g., an antibody that 
specifically binds to a polypeptide of the invention or to a polypeptide encoded by a 
nucleic acid of the invention. 

The invention provides food supplements for an animal comprising a 
polypeptide of the invention, e.g., a polypeptide encoded by the nucleic acid of the 
invention. In one aspect, the polypeptide in the food supplement can be glycosylated. 
The invention provides edible enzyme delivery matrices comprising a polypeptide of the 

20 
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invention, e.g., a polypeptide encoded by the nucleic acid of the invention. In one aspect, 
the delivery matrix comprises a pellet. In one aspect, the polypeptide can be 
glycosylated. In one aspect, the amylase activity is thermotolerant. In another aspect, the 
amylase activity is thermostable. 

5 The invention provides method of isolating or identifying a polypeptide 

having an amylase activity comprising the steps of: (a) providing an antibody of the 
invention; (b) providing a sample comprising polypeptides; and (c) contacting the sample 
of step (b) with the antibody of step (a) under conditions wherein the antibody can 
specifically bind to the polypeptide, thereby isolating or identifying a polypeptide having 

10 an amylase activity. 

The invention provides methods of making an anti-amylase antibody 
comprising administering to a non-human animal a nucleic acid of the invention or a 
polypeptide of the invention or subsequences thereof in an amount sufficient to generate a 
humoral immune response, thereby making an anti-amylase antibody. The invention 

15 provides methods of making an anti-amylase immune comprising administering to a non- 
human animal a nucleic acid of the invention or a polypeptide of the invention or 
subsequences thereof in an amount sufficient to generate an immune response. 

The invention provides methods of producing a recombinant polypeptide 
comprising the steps of: (a) providing a nucleic acid of the invention operably linked to a 

20 promoter; and (b) expressing the nucleic acid of step (a) under conditions that allow 
expression of the polypeptide, thereby producing a recombinant polypeptide. In one 
aspect, the method can further comprise transforming a host cell with the nucleic acid of 
step (a) followed by expressing the nucleic acid of step (a), thereby producing a 
recombinant polypeptide in a transformed cell. 

25 The invention provides methods for identifying a polypeptide having an 

amylase activity comprising the following steps: (a) providing a polypeptide of the 
invention; or a polypeptide encoded by a nucleic acid of the invention; (b) providing an 
amylase substrate; and (c) contacting the polypeptide or a fragment or variant thereof of 
step (a) with the substrate of step (b) and detecting a decrease in the amount of substrate 

30 or an increase in the amount of a reaction product, wherein a decrease in the amount of 
the substrate or an increase in the amount of the reaction product detects a polypeptide 
having an amylase activity. In one aspect, the substrate can be a starch, e.g., a liquefied 
starch. 
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The invention provides methods for identifying an amylase substrate 
comprising the following steps: (a) providing a polypeptide of the invention; or a 
polypeptide encoded by a nucleic acid of the invention; (b) providing a test substrate; and 
(c) contacting the polypeptide of step (a) with the test substrate of step (b) and detecting a 
decrease in the amount of substrate or an increase in the amount of reaction product, 
wherein a decrease in the amount of the substrate or an increase in the amount of a 
reaction product identifies the test substrate as an amylase substrate. 

The invention provides methods of determining whether a test compound 
specifically binds to a polypeptide comprising the following steps: (a) expressing a 
nucleic acid or a vector comprising the nucleic acid under conditions permissive for 
translation of the nucleic acid to a polypeptide, wherein the nucleic acid comprises a 
nucleic acid of the invention, or, providing a polypeptide of the invention; (b) providing a 
test compound; (c) contacting the polypeptide with the test compound; and (d) 
determining whether the test compound of step (b) specifically binds to the polypeptide. 

The invention provides methods for identifying a modulator of an amylase 
activity comprising the following steps: (a) providing a polypeptide of the invention or a 
polypeptide encoded by a nucleic acid of the invention; (b) providing a test compound; 
(c) contacting the polypeptide of step (a) with the test compound of step (b) and 
measuring an activity of the amylase, wherein a change in the amylase activity measured 
in the presence of the test compound compared to the activity in the absence of the test 
compound provides a determination that the test compound modulates the amylase 

> * 

activity. In one aspect, the amylase activity can be measured by providing an amylase 
substrate and detecting a decrease in the amount of the substrate or an increase in the 
amount of a reaction product, or, an increase in the amount of the substrate or a decrease 
in the amount of a reaction product. A decrease in the amount of the substrate or an 
increase in the amount of the reaction product with the test compound as compared to the 
amount of substrate or reaction product without the test compound identifies the test 
compound as an activator of amylase activity. An increase in the amount of the substrate 
or a decrease in the amount of the reaction product with the test compound as compared 
to the amount of substrate or reaction product without the test compound identifies the 
test compound as an inhibitor of amylase activity. 

The invention provides computer systems comprising a processor and a 
data storage device wherein said data storage device has stored thereon a polypeptide 
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sequence or a nucleic acid sequence of the invention (e.g., a polypeptide encoded by a 
nucleic acid of the invention). In one aspect, the computer system can further comprise a 
sequence comparison algorithm and a data storage device having at least one reference 
sequence stored thereon. In another aspect, the sequence comparison algorithm 

5 comprises a computer program that indicates polymorphisms. In one aspect, the 

computer system can further comprise an identifier that identifies one or more features in 
said sequence. The invention provides computer readable media having stored thereon a 
polypeptide sequence or a nucleic acid sequence of the invention. The invention provides 
methods for identifying a feature in a sequence comprising the steps of: (a) reading the 

10 sequence using a computer program which identifies one or more features in a sequence, 
wherein the sequence comprises a polypeptide sequence or a nucleic acid sequence of the 
invention; and (b) identifying one or more features in the sequence with the computer 
program. The invention provides methods for comparing a first sequence to a second 
sequence comprising the steps of: (a) reading the first sequence and the second sequence 

15 through use of a computer program which compares sequences, wherein the first 

sequence comprises a polypeptide sequence or a nucleic acid sequence of the invention; 
and (b) determining differences between the first sequence and the second sequence with 
the computer program. The step of determining differences between the first sequence 
and the second sequence can further comprise the step of identifying polymorphisms. In 

20 one aspect, the method can further comprise an identifier that identifies one or more 
features in a sequence. In another aspect, the method can comprise reading the first 
sequence using a computer program and identifying one or more features in the sequence. 

The invention provides methods for isolating or recovering a nucleic acid 
encoding a polypeptide having an amylase activity from an environmental sample 

25 comprising the steps of: (a) providing an amplification primer sequence pair for 

amplifying a nucleic acid encoding a polypeptide having an amylase activity, wherein the 
primer pair is capable of amplifying a nucleic acid of the invention; (b) isolating a nucleic 
acid from the environmental sample or treating the environmental sample such that 
nucleic acid in the sample is accessible for hybridization to the amplification primer pair; 

30 and, (c) combining the nucleic acid of step (b) with the amplification primer pair of step 
(a) and amplifying nucleic acid from the environmental sample, thereby isolating or 
recovering a nucleic acid encoding a polypeptide having an amylase activity from an 
environmental sample. One or each member of the amplification primer sequence pair 
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can comprise an oligonucleotide comprising at least about 10 to 50 consecutive bases of a 
sequence of the invention. 

The invention provides methods for isolating or recovering a nucleic acid 
encoding a polypeptide having an amylase activity from an environmental sample 
5 comprising the steps of: (a) providing a polynucleotide probe comprising a nucleic acid of 
the invention or a subsequence thereof; (b) isolating a nucleic acid from the 
environmental sample or treating the environmental sample such that nucleic acid in the 
sample is accessible for hybridization to a polynucleotide probe of step (a); (c) combining 
the isolated nucleic acid or the treated environmental sample of step (b) with the 

10 polynucleotide probe of step (a); and (d) isolating a nucleic acid that specifically 
hybridizes with the polynucleotide probe of step (a), thereby isolating or recovering a 
nucleic acid encoding a polypeptide having an amylase activity from an environmental 
sample. The environmental sample can comprise a water sample, a liquid sample, a soil 
sample, an air sample or a biological sample. In one aspect, the biological sample can be 

15 derived from a bacterial cell, a protozoan cell, an insect cell, a yeast cell, a plant cell, a 
fungal cell or a mammalian cell. 

The invention provides methods of generating a variant of a nucleic acid 
encoding a polypeptide having an amylase activity comprising the steps of: (a) providing 
a template nucleic acid comprising a nucleic acid of the invention; and (b) modifying, 

20 deleting or adding one or more nucleotides in the template sequence, or a combination 
thereof, to generate a variant of the template nucleic acid. In one aspect, the method can 
further comprise expressing the variant nucleic acid to generate a variant amylase 
polypeptide. The modifications, additions or deletions can be introduced by a method 
comprising error-prone PCR, shuffling, oligonucleotide-directed mutagenesis, assembly 

25 PCR, sexual PCR mutagenesis, in vivo mutagenesis, cassette mutagenesis, recursive 
ensemble mutagenesis, exponential ensemble mutagenesis, site-specific mutagenesis, 
gene reassembly, gene site saturated mutagenesis (GSSM), synthetic ligation reassembly 
(SLR) or a combination thereof. In another aspect, the modifications, additions or 
deletions are introduced by a method comprising recombination, recursive sequence 

30 recombination, phosphothioate-modified DNA mutagenesis, uracil-containing template 
mutagenesis, gapped duplex mutagenesis, point mismatch repair mutagenesis, repair- 
deficient host strain mutagenesis, chemical mutagenesis, radiogenic mutagenesis, deletion 
mutagenesis, restriction-selection mutagenesis, restriction-purification mutagenesis, 
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artificial gene synthesis, ensemble mutagenesis, chimeric nucleic acid multimer creation 
and a combination thereof. 

In one aspect, the method can be iteratively repeated until an amylase 
having an altered or different activity or an altered or different stability from that of a 
5 polypeptide encoded by the template nucleic acid is produced. In one aspect, the variant 
amylase polypeptide is thermotolerant, and retains some activity after being exposed to an 
elevated temperature. In another aspect, the variant amylase polypeptide has increased 
glycosylation as compared to the amylase encoded by a template nucleic acid. 
Alternatively, the variant amylase polypeptide has an amylase activity under a high 

10 temperature, wherein the amylase encoded by the template nucleic acid is not active 

under the high temperature. In one aspect, the method can be iteratively repeated until an 
amylase coding sequence having an altered codon usage from that of the template nucleic 
acid is produced. In another aspect, the method can be iteratively repeated until an 
amylase gene having higher or lower level of message expression or stability from that of 

15 the template nucleic acid is produced. 

The invention provides methods for modifying codons in a nucleic acid 
encoding a polypeptide having an amylase activity to increase its expression in a host 
cell, the method comprising the following steps: (a) providing a nucleic acid of the 
invention encoding a polypeptide having an amylase activity; and, (b) identifying a non- 

■ ■ 

20 preferred or a less preferred codon in the nucleic acid of step (a) and replacing it with a 
preferred or neutrally used codon encoding the same amino acid as the replaced codon, 
wherein a preferred codon is a codon over-represented in coding sequences in genes in 
the host cell and a non-preferred or less preferred codon is a codon under-represented in 
coding sequences in genes in the host cell, thereby modifying the nucleic acid to increase 

25 its expression in a host cell. 

The invention provides methods for modifying codons in a nucleic acid 
encoding a polypeptide having an amylase activity; the method comprising the following 
steps: (a) providing a nucleic acid of the invention; and, (b) identifying a codon in the 
nucleic acid of step (a) and replacing it with a different codon encoding the same amino 

30 acid as the replaced codon, thereby modifying codons in a nucleic acid encoding an 
amylase. 

The invention provides methods for modifying codons in a nucleic acid 
encoding a polypeptide having an amylase activity to increase its expression in a host 
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cell, the method comprising the following steps: (a) providing a nucleic acid of the 
invention encoding an amylase polypeptide; and, (b) identifying a non-preferred or a less 
preferred codon in the nucleic acid of step (a) and replacing it with a preferred or 
neutrally used codon encoding the same amino acid as the replaced codon, wherein a 
preferred codon is a codon over-represented in coding sequences in genes in the host cell 
and a non-preferred or less preferred codon is a codon under-represented in coding 
sequences in genes in the host cell, thereby modifying the nucleic acid to increase its 
expression in a host cell. 

The invention provides methods for modifying a codon in a nucleic acid 
encoding a polypeptide having an amylase activity to decrease its expression in a host 
cell, the method comprising the following steps: (a) providing a nucleic acid of the 
invention; and (b) identifying at least one preferred codon in the nucleic acid of step (a) 
and replacing it with a non-preferred or less preferred codon encoding the same amino 
acid as the replaced codon, wherein a preferred codon is a codon over-represented in 
coding sequences in genes in a host cell and a non-preferred or less preferred codon is a 
codon under-represented in coding sequences in genes in the host cell, thereby modifying 
the nucleic acid to decrease its expression in a host cell. In one aspect, the host cell can 
be a bacterial cell, a fungal cell, an insect cell, a yeast cell, a plant cell or a mammalian 
cell. 

The invention provides methods for producing a library of nucleic acids 
encoding a plurality of modified amylase active sites or substrate binding sites, wherein 
the modified active sites or substrate binding sites are derived from a first nucleic acid 
comprising a sequence encoding a first active site or a first substrate binding site the 
method comprising the following steps: (a) providing a first nucleic acid encoding a first 
active site or first substrate binding site, wherein the first nucleic acid sequence comprises 
a sequence that hybridizes under stringent conditions to a nucleic acid of the invention, 
and the nucleic acid encodes an amylase active site or an amylase substrate binding site; 
(b) providing a set of mutagenic oligonucleotides that encode naturally-occurring amino 
acid variants at a plurality of targeted codons in the first nucleic acid; and, (c) using the 
set of mutagenic oligonucleotides to generate a set of active site-encoding or substrate 
binding site-encoding variant nucleic acids encoding a range of amino acid variations at 
each amino acid codon that was mutagenized, thereby producing a library of nucleic acids 
encoding a plurality of modified amylase active sites or substrate binding sites. In one 
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aspect, the method comprises mutagenizing the first nucleic acid of step (a) by a method 
comprising an optimized directed evolution system, gene site-saturation mutagenesis 
(GSSM), synthetic ligation reassembly (SLR), error-prone PCR, shuffling, 
oligonucleotide-directed mutagenesis, assembly PCR, sexual PCR mutagenesis, in vivo 
5 mutagenesis, cassette mutagenesis, recursive ensemble mutagenesis, exponential 
ensemble mutagenesis, site-specific mutagenesis, gene reassembly, gene site saturated 
mutagenesis (GSSM), synthetic ligation reassembly (SLR) and a combination thereof In 
another aspect, the method comprises mutagenizing the first nucleic acid of step (a) or 
variants by a method comprising recombination, recursive sequence recombination, 

10 phosphothioate-modified DNA mutagenesis, uracil-containing template mutagenesis, 
gapped duplex mutagenesis, point mismatch repair mutagenesis, repair-deficient host 
strain mutagenesis, chemical mutagenesis, radiogenic mutagenesis, deletion mutagenesis, 
restriction-selection mutagenesis, restriction-purification mutagenesis, artificial gene 
synthesis, ensemble mutagenesis, chimeric nucleic acid multimer creation and a 

1 5 combination thereof. 

The invention provides methods for making a small molecule comprising 
the following steps: (a) providing a plurality of biosynthetic enzymes capable of 
synthesizing or modifying a small molecule, wherein one of the enzymes comprises an 
amylase enzyme encoded by a nucleic acid of the invention; (b) providing a substrate for 

20 at least one of the enzymes of step (a); and (c) reacting the substrate of step (b) with the 
enzymes under conditions that facilitate a plurality of biocatalytic reactions to generate a 
small molecule by a series of biocatalytic reactions. The invention provides methods for 
modifying a small molecule comprising the following steps: (a) providing an amylase 
enzyme, wherein the enzyme comprises a polypeptide of the invention, or, a polypeptide 

25 encoded by a nucleic acid of the invention, or a subsequence thereof; (b) providing a 
small molecule; and (c) reacting the enzyme of step (a) with the small molecule of step 
(b) under conditions that facilitate an enzymatic reaction catalyzed by the amylase 
enzyme, thereby modifying a small molecule by an amylase enzymatic reaction. In one 
aspect, the method can comprise a plurality of small molecule substrates for the enzyme 

30 of step (a), thereby generating a library of modified small molecules produced by at least 
one enzymatic reaction catalyzed by the amylase enzyme. In one aspect, the method can 
comprise a plurality of additional enzymes under conditions that facilitate a plurality of 
biocatalytic reactions by the enzymes to form a library of modified small molecules 
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produced by the plurality of enzymatic reactions. In another aspect, the method can 
further comprise the step of testing the library to determine if a particular modified small 
molecule which exhibits a desired activity is present within the library. The step of 
testing the library can further comprise the steps of systematically eliminating all but one 
5 of the biocatalytic reactions used to produce a portion of the plurality of the modified 
small molecules within the library by testing the portion of the modified small molecule 
for the presence or absence of the particular modified small molecule with a desired 
activity, and identifying at least one specific biocatalytic reaction that produces the 
particular modified small molecule of desired activity. 

10 The invention provides methods for determining a functional fragment of 

an amylase enzyme comprising the steps of: (a) providing an amylase enzyme, wherein 
the enzyme comprises a polypeptide of the invention, or a polypeptide encoded by a 
nucleic acid of the invention, or a subsequence thereof; and (b) deleting a plurality of 
amino acid residues from the sequence of step (a) and testing the remaining subsequence 

15 for an amylase activity, thereby determining a functional fragment of an amylase enzyme. 
In one aspect, the amylase activity is measured by providing an amylase substrate and 
detecting a decrease in the amount of the substrate or an increase in the amount of a 
reaction product. 

The invention provides methods for whole cell engineering of new or 
20 modified phenotypes by using real-time metabolic flux analysis, the method comprising 
the following steps: (a) making a modified cell by modifying the genetic composition of a 
cell, wherein the genetic composition is modified by addition to the cell of a nucleic acid 
of the invention; (b) culturing the modified cell to generate a plurality of modified cells; 
(c) measuring at least one metabolic parameter of the cell by monitoring the cell culture 
25 of step (b) in real time; and, (d) analyzing the data of step (c) to determine if the measured 
parameter differs from a comparable measurement in an unmodified cell under similar 
conditions, thereby identifying an engineered phenotype in the cell using real-time 
metabolic flux analysis. In one aspect, the genetic composition of the cell can be 
modified by a method comprising deletion of a sequence or modification of a sequence in 
30 the cell, or, knocking out the expression of a gene. In one aspect, the method can further 
comprise selecting a cell comprising a newly engineered phenotype. In another aspect, 
the method can comprise culturing the selected cell, thereby generating a new cell strain 
comprising a newly engineered phenotype. 
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The invention provides methods for hydrolyzing a starch comprising the 
following steps: (a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide of the invention; (b) providing a composition 
comprising a starch; and (c) contacting the polypeptide of step (a) with the composition of 
5 step (b) under conditions wherein the polypeptide hydrolyzes the starch. In one aspect, 
the composition comprising starch that comprises an a-l,4-glucosidic bond or an a-1,6- 
glucosidic bond. In one aspect, the amylase activity is an a-amylase activity. In one 
aspect, the a-amylase activity hydrolyzes internal bonds in a starch or other 
polysaccharide. 

10 The invention provides methods for liquefying or removing a starch from a 

composition comprising the following steps: (a) providing a polypeptide having an 
amylase activity, wherein the polypeptide comprises a polypeptide of the invention; (b) 
providing a composition comprising a starch; and (c) contacting the polypeptide of step 
(a) with the composition of step (b) under conditions wherein the polypeptide removes or 

15 liquefies the starch. 

The invention provides methods of increasing thermotolerance or 
thermostability of an amylase polypeptide, the method comprising glycosylating an 
amylase polypeptide, wherein the polypeptide comprises at least thirty contiguous amino 
acids of a polypeptide of the invention; or a polypeptide encoded by a nucleic acid 

20 sequence of the invention, thereby increasing the thermotolerance or thermostability of 
the amylase polypeptide. In one aspect, the amylase specific activity can be thermostable 
or thermotolerant at a temperature in the range from greater than about 37°C to about 
95°C. 

The invention provides methods for overexpressing a recombinant amylase 
25 polypeptide in a cell comprising expressing a vector comprising a nucleic acid comprising 
a nucleic acid of the invention or a nucleic acid sequence of the invention, wherein the 
sequence identities are determined by analysis with a sequence comparison algorithm or 
by visual inspection, wherein overexpression is effected by use of a high activity 
promoter, a dicistronic vector or by gene amplification of the vector. 
30 The invention provides detergent compositions comprising a polypeptide 

of the invention or a polypeptide encoded by a nucleic acid of the invention, wherein the 
polypeptide comprises an amylase activity. In one aspect, the amylase can be a 

29 
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nonsurface-active amylase. In another aspect, the amylase can be a surface-active 
amylase. 

The invention provides methods for washing an object comprising the 
following steps: (a) providing a composition comprising a polypeptide having an amylase 
5 activity, wherein the polypeptide comprises: a polypeptide of the invention or a 

polypeptide encoded by a nucleic acid of the invention; (b) providing an object; and (c) 
contacting the polypeptide of step (a) and the object of step (b) under conditions wherein 
the composition can wash the object. 

The invention provides methods for hydrolyzing starch, e.g., in a feed or a 
0 food prior to consumption by an animal, comprising the following steps: (a) obtaining a 
composition, e.g., a feed material, comprising a starch, wherein the polypeptide 
comprises: a polypeptide of the invention or a polypeptide encoded by a nucleic acid of 
the invention; and (b) adding the polypeptide of step (a) to the composition, e.g., the feed 
or food material, in an amount sufficient for a sufficient time period to cause hydrolysis 
5 of the starch, thereby hydrolyzing the starch. In one aspect, the food or feed comprises 
rice, corn, barley, wheat, legumes, or potato. 

The invention provides methods for textile desizing comprising the 
following steps: (a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide of the invention or a polypeptide encoded by a 
nucleic acid of the invention; (b) providing a fabric; and (c) contacting the polypeptide of 
step (a) and the fabric of step (b) under conditions wherein the amylase can desize the 
fabric. 

The invention provides methods for deinking of paper or fibers comprising 
the following steps: (a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide of the invention; (b) providing a composition 
comprising paper or fiber; and (c) contacting the polypeptide of step (a) and the 
composition of step (b) under conditions wherein the polypeptide can deink the paper or 
fiber. 

The invention provides methods for treatment of lignocellulosic fibers 
comprising the following steps: (a) providing a polypeptide having an amylase activity, 
wherein the polypeptide comprises a polypeptide of the invention; (b) providing a 
lignocellulosic fiber; and (c) contacting the polypeptide of step (a) and the fiber of step 
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(b) under conditions wherein the polypeptide can treat the fiber thereby improving the 
fiber properties. 

The invention provides methods for producing a high-maltose or a high- 
glucose syrup comprising the following steps: (a) providing a polypeptide having an 
amylase activity, wherein the polypeptide comprises an enzyme of the invention; (b) 
providing a composition comprising a starch; and (c) contacting the polypeptide of step 
(a) and the fabric of step (b) under conditions wherein the polypeptide of step (a) can 
liquefy the composition of step (b) thereby producing a soluble starch hydrolysate and 
saccharify the soluble starch hydrolysate thereby producing the syrup. In one aspect, the 
starch can be from rice, corn, barley, wheat, legumes, potato, or sweet potato. 

The invention provides methods for improving the flow of the starch- 
containing production fluids comprising the following steps: (a) providing a polypeptide 
having an amylase activity, wherein the polypeptide comprises a polypeptide of the 
invention; (b) providing production fluid; and (c) contacting the polypeptide of step (a) 
and the production fluid of step (b) under conditions wherein the amylase can hydrolyze 
the starch in the production fluid thereby improving its flow by decreasing its density. In 
one aspect, the production fluid can be from a subterranean formation. 

The invention provides anti-staling compositions comprising a polypeptide 
of the invention or a polypeptide encoded by a nucleic acid of the invention. The 
invention provides methods for preventing staling of the baked products comprising the 
following steps: (a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide of the invention; (b) providing a composition 
containing starch used for baking; (c) combining the polypeptide of step (a) with the 
composition of the step (b) under conditions wherein the polypeptide can hydrolyze the 
starch in the composition used for baking thereby preventing staling of the baked product. 
In one aspect, the baked product can be bread. 

The invention provides methods for using amylase in brewing or alcohol 
production comprising the following steps: (a) providing a polypeptide having an amylase 
activity, wherein the polypeptide comprises a polypeptide of the invention; (b) providing 
a composition containing starch and used for brewing or in alcohol production; (c) 
combining the polypeptide of step (a) with the composition of the step (b) under 
conditions wherein the polypeptide can hydrolyze the starch in the composition used for 
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brewing or in alcohol production. In one aspect, the composition containing starch can be 
beer. 

The invention provides methods of making a transgenic plant comprising 
the following steps: (a) introducing a heterologous nucleic acid sequence into the cell, 
5 wherein the heterologous nucleic sequence comprises a nucleic acid sequence of the 
invention, thereby producing a transformed plant cell; and (b) producing a transgenic 
plant from the transformed cell. In one aspect, the step (a) can further comprise 
introducing the heterologous nucleic acid sequence by electroporation or microinjection 
of plant cell protoplasts. In another aspect, the step (a) can further comprise introducing 
10 the heterologous nucleic acid sequence directly to plant tissue by DNA particle 
bombardment. Alternatively, the step (a) can further comprise introducing the 
heterologous nucleic acid sequence into the plant cell DNA using an Agrobacterium 
tumefaciens host. In one aspect, the plant cell can be a potato, corn, rice, wheat, tobacco, 
or barley cell. 

15 The invention provides methods of expressing a heterologous nucleic acid 

sequence in a plant cell comprising the following steps: (a) transforming the plant cell 
with a heterologous nucleic acid sequence operably linked to a promoter, wherein the 
heterologous nucleic sequence comprises a nucleic acid of the invention; (b) growing the 
plant under conditions wherein the heterologous nucleic acids sequence is expressed in 

20 the plant cell. 

The invention also provides a process for preparing a dough or a baked 
product prepared from the dough which comprises adding an amylase of the invention to 
the dough in an amount which is effective to retard the staling of the bread. The 
invention also provides a dough comprising said amylase and a premix comprising flour 

25 together with said amylase. Finally, the invention provides an enzymatic baking additive, 
which contains said amylase. The use of the amylase in accordance with the present 
invention provides an improved anti-staling effect as measured by, e.g. less crumb 
firming, retained crumb elasticity, improved slice-ability (e.g. fewer crumbs, non-gummy 
crumb), improved palatability or flavor. 

30 The invention provides delayed release ("controlled release") 

compositions comprising an desired ingredient coated by a latex polymer (or equivalent) 
coating. In one aspect, the desired ingredient comprises an enzyme, e.g., an enzyme of 
the invention. In one aspect, the desired ingredient comprises a small molecule, a drug, a 
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polysaccharide, a lipid, a nucleic acid, a vitamin, an antibiotics or an insecticide. In one 
aspect, the desired ingredient comprises a pellet or a matrix, e.g., a pellet or a matrix 
comprising an edible material (e.g., as an animal food or feed or supplement or 
medicament). The invention also provides methods for the "controlled release" or 
5 "delayed release" of a composition, wherein the composition is coated by a latex polymer 
(or equivalent) coating. 

In one aspect, the latex polymer coating comprises a latex paint, or 
equivalent. The latex polymer coating can comprise a (meth)acrylate, a vinyl acetate, a 
styrene, an ethylene, a vinyl chloride, a butadiene, a vinylidene chloride, a vinyl versatate, 
10 a vinyl propionate, a t-butyl acrylate, an acrylonitrile, a neoprene, a maleate, a fumarate, 
equivalents thereof, combinations thereof and/or derivatives thereof. 

The details of one or more embodiments of the invention are set forth in 
the accompanying drawings and the description below. Other features, objects, and 
15 advantages of the invention will be apparent from the description and drawings, and from 
the claims. 

All publications, patents, patent applications, GenBank sequences and 
ATCC deposits, cited herein are hereby expressly incorporated by reference for all 
purposes. 

20 

DESCRIPTION OF DRAWINGS 
Figure 1 is a block diagram of a computer system. 
Figure 2 is a flow diagram illustrating one aspect of a process for 
comparing a new nucleotide or protein sequence with a database of sequences in order to 
25 determine the homology levels between the new sequence and the sequences in the 
database. 

Figure 3 is a flow diagram illustrating one aspect of a process in a 
computer for determining whether two sequences are homologous. 

Figure 4 is a flow diagram illustrating one aspect of an identifier process 
30 300 for detecting the presence of a feature in a sequence. 

Figure 5 is a graph showing the Residual activity of various amylases 
following heating to 90°C for 10 min in Example 1 . 
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Figure 6 is a graph showing the net percent starch removed versus enzyme 
concentration in ADW wash test with bleach and chelators. 

Figure 7 is a graph showing the activity of parental amylases at pH 8, 40°C 
in ADW formulation at 55°C. 
5 Figure 8 is a graph of data regarding the H2O2 tolerance of the novel 

enzymes in Example 4. 

Figure 9 is a graph of the pH and temperature data for a selection of the 
amylases characterized. Figure 9a shows the data at pH 8 and 40°C and Figure 9b shows 
the data at pH 10 and 50°C. 
10 Figure 10 sets forth the sequences to be used in reassembly experiments 

with the enzymes. 

Figure 1 1 illustrates a sample Standard Curve of the assay of Example 5. 

Figure 12 illustrates the pH rate profiles for SEQ ID NO.: 127, which has a 
neutral optimum pH and SEQ ID NO.: 211, which has an optimum around pH 10. 
15 Figure 13 shows the stability of exemplary amylases vs. a commercial 

enzyme, as discussed in Example 2. 

Figure 14 shows the sequence alignments of hypothermophilic a- 
amylases, as set forth in Example 8. Figure 14a shows an alignment of amylase 
sequences. SEQ ID NO.: 81= an environmental clone; pyro = Pyrococcus sp. 

20 (strain:KODl), Tachibana (1996) J. Ferment. Bioeng. 82:224-232; pyro2 = Pyrococcus 
furiosus, Appl. Environ. Microbiol. 63 (9):3 569-3 576, 1997; Thermo = Thermococcus 
sp. \ Thermo2 = Thermococcus hydro thermalis, Leveque,E. et al. Patent: France 98.05655 
05-MAY-1998. Figure 14b shows the amino acid sequence alignment of identified 
sequences: SEQ ID NO.: 81 ; pyro; SEQ ID NO.:75; SEQ ID NO.: 77; SEQ ID NO.: 83; 

25 SEQ ID NO.: 85; thermo2; SEQ ID NO.: 79 ; thermo ; pyro2 ; clone A; thermo3. Figure 
14c shows the nucleic acid sequence alignment corresponding to the polypeptide 
sequence of Figures 5 and 6. SEQ ID NO.: 81; SEQ ID NO.:75; SEQ ID NO.: 77; SEQ 
ID NO.: 83; SEQ ID NO.: 85; SEQ ID NO.: 79; clone A; and SEQ ID NO.: 73. 

Figure 15 is a neighbor-joining tree for Thermococcales. 

30 Figure 16 shows sequences of exemplary sequences of the invention. 

Figure 17 illustrates methods of the invention for liquefaction 
saccharification of starch, as described in detail, below. 
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Figure 18 illustrates Table 7, which lists the relative percent identities of 
exemplary sequences of the invention, as described in Example 8, below. 

Figure 19 shows the pH profile of tested amylases of the invention and a 
commercial benchmark enzyme, as described in Example 15, below. 
5 Figure 20 shows the temperature activity profiles of exemplary amylases 

of the invention, as described in Example 15, below. 

Figure 21 shows enzyme activity (of exemplary amylases of the invention) 
in the presence of EDTA, as described in Example 15, below. 

Figure 22 shows enzyme activity (of exemplary amylases of the invention) 
10 in the presence of peroxide hydroxide, as described in Example 1 5, below. 

Figure 23 shows enzyme activity (of exemplary amylases of the invention) 
in the ADW solution (distilled water, hardening solution, bleach, chelators, surfactants) 
with soluble substrate (BODIPY-starch), as described in Example 15, below. 

Figure 24 shows the results of the wash tests with starch-coated slides 
15 using exemplary amylases of the invention, as described in Example 1 5, below. 

Figure 25 illustrates an exemplary corn wet milling process of the 
invention (using at least one enzyme of the invention). 

Figure 26, Figure 27 and Figure 28 illustrate alternative exemplary starch 
processes, including starch liquefaction processes, of the invention (using at least one 
20 enzyme of the invention), as described in detail, below. 

Figure 29 shows data summarizing these findings comparing amylase SEQ 
ID NO:437 with TERMAMYL™ SC (Novozymes A/S, Denmark) amylase in dry mill 
ethanol processing, as described in Example 1 , below. 

Figure 30 illustrates a pH activity profile of an exemplary enzyme of the 
25 invention (SEQ ID NO:594) in acetate buffer and phosphate buffer to determine the 

relative rate for the glucoamylase at each pH, as discussed in detail in Example 16, below. 

Figure 31 illustrates a temperature activity profile of an exemplary enzyme 
of the invention (SEQ ID NO:594) in acetate buffer, as discussed in detail in Example 16, 
below. 

30 Figure 32 illustrates a temperature stability profile of an exemplary 

enzyme of the invention (SEQ ID NO:594), as discussed in detail in Example 16, below. 

Figure 33 illustrates a substrate utilization activity profile of an exemplary 
enzyme of the invention (SEQ ID NO:594) using the dextrins maltose (G2), maltotriose 
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(G3), panose (Pan), maltotetraose (G4), and maltoheptaose (G7), as discussed in detail in 
Example 16, below. 

Figure 34 illustrates an exemplary glucoamylase-encoding nucleic acid of 
the invention, the genomic sequence set forth in SEQ ID NO:587. Coding sequences 
5 (exons) are denoted with the single-letter amino acid below it, Intron sequences are 
underlined. 

Figure 35 is a chart describing selected characteristics of exemplary 
nucleic acids and polypeptides of the invention, as described in further detail, below. 

10 Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 
The invention provides amylase enzymes, e.g., an alpha amylases, 
polynucleotides encoding the enzymes, methods of making and using these 
polynucleotides and polypeptides. The invention is directed to novel polypeptides having 

15 an amylase activity, e.g., an alpha amylase activity, nucleic acids encoding them and 
antibodies that bind to them. The polypeptides of the invention can be used in a variety 
of diagnostic, therapeutic, and industrial contexts. The polypeptides of the invention can 
be used as, e.g., an additive for a detergent, for processing foods and for chemical 
synthesis utilizing a reverse reaction. Additionally, the polypeptides of the invention can 

20 be used in fabric treatment, alcohol production, and as additives to food or animal feed. 

In one aspect, the amylases of the invention are active at a high and/or at a 
low temperature, or, over a wide range of temperature. For example, they can be active in 
the temperatures ranging between 20°C to 90°C, between 30°C to 80°C, or between 40°C 
to 70°C. The invention also provides amylases that have activity at alkaline pHs or at 

25 acidic pHs, e.g., low water acidity. In alternative aspects, the amylases of the invention 
can have activity in acidic pHs as low as pH 5.0, pH 4.5, pH 4.0, and pH 3.5. In 
alternative aspects, the amylases of the invention can have activity in alkaline pHs as high 
as pH 9.5, pH 10, pH 10.5, and pH 1 1. In one aspect, the amylases of the invention are 
active in the temperature range of between about 40°C to about 70°C under conditions of 

30 low water activity (low water content). 

The invention also provides methods for further modifying the exemplary 
amylases of the invention to generate proteins with desirable properties. For example, 
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amylases generated by the methods of the invention can have altered enzymatic activity, 
thermal stability, pH/activity profile, pH/stability profile (such as increased stability at 
low, e.g. pH<6 or pH<5, or high, e.g. pH>9, pH values), stability towards oxidation, Ca 2+ 
dependency, specific activity and the like. The invention provides for altering any 
5 property of interest. For instance, the alteration may result in a variant which, as 
compared to a parent enzyme, has altered enzymatic activity, or, pH or temperature 
activity profiles. 

Definitions 

The term "amylase" includes all polypeptides, e.g., enzymes, which catalyze 

10 the hydrolysis of a polysaccharide, e.g., a starch. The term "amylase" includes 

polypeptides having an a-amylase activity, a 6-amylase activity, a glucoamylase activity, 
a 1,4-a-D-glucan glucohydrolase activity, an exoamylase activity, a glucan a- 
maltotetrahydrolase activity, a maltase activity, an isomaltase activity, a glucan 1 , 4, a- 
glucosidase activity, an a-glucosidase activity, a sucrase activity or an agarase activity 

15 (e.g., a fi-agarase activity). For example, an amylase activity of the invention includes a- 
amylase activity, including the ability to hydrolyze internal alpha- 1,4-glucosidic linkages 
in starch to produce smaller molecular weight malto-dextrins. In one aspect, the a- 
amylase activity includes hydrolyzing internal alpha- 1,4-glucosidic linkages in starch at 
random. An amylase activity of the invention includes polypeptides having glucoamylase 

20 activity, such as the ability to hydrolase glucose polymers linked by a-1,4- and a-1,6- 
glucosidic bonds. In one aspect, the polypeptides of the invention have glucoamylase 
activity, hydrolyzing internal a- 1,4-glucosidic linkages to yield smaller molecular weight 
malto-dextrins. An amylase activity of the invention also includes glucan 1,4-a- 
glucosidase activity, or, 1,4-a-D-glucan glucohydrolase, commonly called glucoamylase 

25 but also called amyloglucosidase and ?-amylase that, in one aspect, releases fi-D-glucose 
from 1,4-a-, 1,6-a- and 1 ,3-a-linked glucans. An amylase activity of the invention also 
includes exo-amylase activity. 

In one aspect, the glucoamylase activity comprises catalysis of the 
hydrolysis of glucosidic bonds. The glucoamylase activity can comprise catalyzing the 

30 step- wise hydrolytic release of D-glucose from the non-reducing ends of starch or other 
related dextrins. The glucoamylase activity can comprise a 1,4-a-D-glucan 
glucohydralase activity. The glucoamylase activity can comprise catalysis of the 
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hydrolysis of malto-dextrins resulting in the generation of free glucose. The 
glucoamylase activity can comprise an exoamylase activity. The glucoamylase activity 
can comprise an a-amylase or a fi-amylase activity. The hydrolyzed glucosidic bonds can 
comprise a-l,4-glucosidic bonds or a-l,6-glucosidic bonds. The glucoamylase activity 

5 can comprise hydrolyzing glucosidic bonds in a starch. The glucoamylase activity can 
further comprise hydrolyzing glucosidic bonds in the starch to produce maltodextrines. 
The glucoamylase activity can comprise cleaving a maltose or a D-glucose unit from non- 
reducing end of the starch. 

An amylase activity of the invention also includes hydrolyzing a 

10 polysaccharide, e.g., a starch, at high temperatures, low temperatures, alkaline pHs and at 
acidic pHs. For example, in one aspect, the invention provides polypeptides, and nucleic 
acids encoding them, having an amylase, e.g., a glucoamylase, activity which is 
thermostable. The polypeptide can retain an amylase activity under conditions 
comprising a temperature range of between about 37°C to about 95°C; between about 

15 55°C to about 85°C, between about 70°C to about 95°C, or, between about 90°C to about 
95°C. In another aspect, a polypeptide of the invention can have a glucoamylase activity 
which is thermotolerant. The polypeptide can retain an amylase, e.g., a glucoamylase, 
activity after exposure to a temperature in the range from greater than 37°C to about 95°C 
or anywhere in the range from greater than 55°C to about 85°C. In one aspect, the 

20 polypeptide retains an amylase activity after exposure to a temperature in the range from 
greater than 90°C to about 95°C at pH 4.5. 

An "amylase variant" comprises an amino acid sequence which is derived 
from the amino acid sequence of a "precursor amylase". The precursor amylase can 
include naturally-occurring amylases and recombinant amylases. The amino acid 

25 sequence of the amylase variant can be "derived" from the precursor amylase amino acid 
sequence by the substitution, deletion or insertion of one or more amino acids of the 
precursor amino acid sequence. Such modification can be of the "precursor DNA 
sequence" which encodes the amino acid sequence of the precursor amylase rather than 
manipulation of the precursor amylase enzyme per se. Suitable methods for such 

30 manipulation of the precursor DNA sequence include methods disclosed herein, as well 
as methods known to those skilled in the art. 

The term "antibody" includes a peptide or polypeptide derived from, 
modeled after or substantially encoded by an immunoglobulin gene or immunoglobulin 
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genes, or fragments thereof, capable of specifically binding an antigen or epitope, see, 
e.g. Fundamental Immunology, Third Edition, W.E. Paul, ed., Raven Press, N.Y. (1993); 
Wilson (1994) J. Immunol. Methods 175:267-273; Yarmush (1992) J. Biochem. 
Biophys. Methods 25:85-97. The term antibody includes antigen-binding portions, i.e., 

5 "antigen binding sites," (e.g., fragments, subsequences, complementarity determining 
regions (CDRs)) that retain capacity to bind antigen, including (i) a Fab fragment, a 
monovalent fragment consisting of the VL, VH, CL and CHI domains; (ii) a F(ab*)2 
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge 
at the hinge region; (iii) a Fd fragment consisting of the VH and CHI domains; (iv) a Fv 

10 fragment consisting of the VL and VH domains of a single arm of an antibody, (v) a dAb 
fragment (Ward et ah, (1989) Nature 341 :544-546), which consists of a VH domain; and 
(vi) an isolated complementarity determining region (CDR). Single chain antibodies are 
also included by reference in the term "antibody." 

The terms "array" or "microarray" or "biochip" or "chip" as used herein is 

15 a plurality of target elements, each target element comprising a defined amount of one or 
more polypeptides (including antibodies) or nucleic acids immobilized onto a defined 
area of a substrate surface, as discussed in further detail, below. 

As used herein, the terms "computer," "computer program" and 
"processor" are used in their broadest general contexts and incorporate all such devices, 

20 as described in detail, below. A "coding sequence of or a "sequence encodes" a 
particular polypeptide or protein, is a nucleic acid sequence which is transcribed and 
translated into a polypeptide or protein when placed under the control of appropriate 
regulatory sequences. 

The term "expression cassette" as used herein refers to a nucleotide 

25 sequence which is capable of affecting expression of a structural gene (i.e., a protein 
coding sequence, such as an amylase of the invention) in a host compatible with such 
sequences. Expression cassettes include at least a promoter operably linked with the 
polypeptide coding sequence; and, optionally, with other sequences, e.g., transcription 
termination signals. Additional factors necessary or helpful in effecting expression may 

30 also be used, e.g., enhancers. Thus, expression cassettes also include plasmids, 

expression vectors, recombinant viruses, any form of recombinant "naked DNA" vector, 
and the like. 
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"Operably linked" as used herein refers to a functional relationship 
between two or more nucleic acid (e.g., DNA) segments. Typically, it refers to the 
functional relationship of transcriptional regulatory sequence to a transcribed sequence. 
For example, a promoter is operably linked to a coding sequence, such as a nucleic acid 
5 of the invention, if it stimulates or modulates the transcription of the coding sequence in 
an appropriate host cell or other expression system. Generally, promoter transcriptional 
regulatory sequences that are operably linked to a transcribed sequence are physically 
contiguous to the transcribed sequence, i.e., they are cis-acting. However, some 
transcriptional regulatory sequences, such as enhancers, need not be physically 
10 contiguous or located in close proximity to the coding sequences whose transcription they 
enhance. 

A "vector" comprises a nucleic acid which can infect, transfect, transiently 
or permanently transduce a cell. It will be recognized that a vector can be a naked nucleic 
acid, or a nucleic acid complexed with protein or lipid. The vector optionally comprises 

15 viral or bacterial nucleic acids and/or proteins, and/or membranes (e.g., a cell membrane, 
a viral lipid envelope, etc.). Vectors include, but are not limited to replicons (e.g., RNA 
replicons, bacteriophages) to which fragments of DNA may be attached and become 
replicated. Vectors thus include, but are not limited to RNA, autonomous self-replicating 
circular or linear DNA or RNA (e.g., plasmids, viruses, and the like, see, e.g., U.S. Patent 

20 No. 5,217,879), and include both the expression and non-expression plasmids. Where a 
recombinant microorganism or cell culture is described as hosting an "expression vector" 
this includes both extra-chromosomal circular and linear DNA and DNA that has been 
incorporated into the host chromosome(s). Where a vector is being maintained by a host 
cell, the vector may either be stably replicated by the cells during mitosis as an 

25 autonomous structure, or is incorporated within the host's genome. 

As used herein, the term "promoter" includes all sequences capable of 
driving transcription of a coding sequence in a cell, e.g., a plant cell. Thus, promoters 
used in the constructs of the invention include c/s-acting transcriptional control elements 
and regulatory sequences that are involved in regulating or modulating the timing and/or 

30 rate of transcription of a gene. For example, a promoter can be a cw-acting 

transcriptional control element, including an enhancer, a promoter, a transcription 
terminator, an origin of replication, a chromosomal integration sequence, 5 1 and 3* 
untranslated regions, or an intronic sequence, which are involved in transcriptional 
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regulation. These cis-acting sequences typically interact with proteins or other 
biomolecules to carry out (turn on/off, regulate, modulate, etc.) transcription. 
"Constitutive" promoters are those that drive expression continuously under most 
environmental conditions and states of development or cell differentiation. "Inducible" or 
5 "regulatable" promoters direct expression of the nucleic acid of the invention under the 
influence of environmental conditions or developmental conditions. Examples of 
environmental conditions that may affect transcription by inducible promoters include 
anaerobic conditions, elevated temperature, drought, or the presence of light. 

'Tissue-specific" promoters are transcriptional control elements that are 

10 only active in particular cells or tissues or organs, e.g., in plants or animals. Tissue- 
specific regulation may be achieved by certain intrinsic factors which ensure that genes 
encoding proteins specific to a given tissue are expressed. Such factors are known to 
exist in mammals and plants so as to allow for specific tissues to develop. 

The term "plant" includes whole plants, plant parts (e.g., leaves, stems, 

15 flowers, roots, etc.), plant protoplasts, seeds and plant cells and progeny of same. The 
class of plants which can be used in the method of the invention is generally as broad as 
the class of higher plants amenable to transformation techniques, including angiosperms 
(monocotyledonous and dicotyledonous plants), as well as gymnosperms. It includes 
plants of a variety of ploidy levels, including polyploid, diploid, haploid and hemizygous 

20 states. As used herein, the term "transgenic plant" includes plants or plant cells into 
which a heterologous nucleic acid sequence has been inserted, e.g., the nucleic acids and 
various recombinant constructs (e.g., expression cassettes) of the invention. 

"Plasmids" can be commercially available, publicly available on an 
unrestricted basis, or can be constructed from available plasmids in accord with published 

25 procedures. Equivalent plasmids to those described herein are known in the art and will 
be apparent to the ordinarily skilled artisan. 

The term "gene" includes a nucleic acid sequence comprising a segment of 
DNA involved in producing a transcription product (e.g., a message), which in turn is 
translated to produce a polypeptide chain, or regulates gene transcription, reproduction or 

30 stability. Genes can include regions preceding and following the coding region, such as 
leader and trailer, promoters and enhancers, as well as, where applicable, intervening 
sequences (introns) between individual coding segments (exons). 



41 



WO 2004/091544 



PCT/US2004/007096 



The phrases "nucleic acid" or "nucleic acid sequence" includes 
oligonucleotide, nucleotide, polynucleotide, or to a fragment of any of these, to DNA or 
RNA (e.g., mRNA, rRNA, tRNA) of genomic or synthetic origin which may be single- 
stranded or double-stranded and may represent a sense or antisense strand, to peptide 
nucleic acid (PNA), or to any DNA-like or RNA-like material, natural or synthetic in 
origin, including, e.g., iRNA, ribonucleoproteins (e.g., iRNPs). The term encompasses 
nucleic acids, i.e., oligonucleotides, containing known analogues of natural nucleotides. 
The term also encompasses nucleic-acid-like structures with synthetic backbones, see 
e.g., Mata (1997) Toxicol. Appl. Pharmacol. 144:189-197; Strauss- Soukup (1997) 
Biochemistry 36:8692-8698; Samstag (1996) Antisense Nucleic Acid Drug Dev 6:153- 
156. 

"Amino acid" or "amino acid sequence" include an oligopeptide, peptide, 
polypeptide, or protein sequence, or to a fragment, portion, or subunit of any of these, and 
to naturally occurring or synthetic molecules. The terms "polypeptide" and "protein" 
include amino acids joined to each other by peptide bonds or modified peptide bonds, i.e., 
peptide isosteres, and may contain modified amino acids other than the 20 gene-encoded 
amino acids. The term "polypeptide" also includes peptides and polypeptide fragments, 
motifs and the like. The term also includes glycosylated polypeptides. The peptides and 
polypeptides of the invention also include all "mimetic" and "peptidomimetic" forms, as 
described in further detail, below. 

The term "isolated" includes a material removed from its original 
environment, e.g., the natural environment if it is naturally occurring. For example, a 
naturally occurring polynucleotide or polypeptide present in a living animal is not 
isolated, but the same polynucleotide or polypeptide, separated from some or all of the 
coexisting materials in the natural system, is isolated. Such polynucleotides could be part 
of a vector and/or such polynucleotides or polypeptides could be part of a composition, 
and still be isolated in that such vector or composition is not part of its natural 
environment. As used herein, an isolated material or composition can also be a "purified" 
composition, i.e., it does not require absolute purity; rather, it is intended as a relative 
definition. Individual nucleic acids obtained from a library can be conventionally 
purified to electrophoretic homogeneity. In alternative aspects, the invention provides 
nucleic acids which have been purified from genomic DNA or from other sequences in a 



42 



WO 2004/091544 



PCT/US2004/007096 



library or other environment by at least one, two, three, four, five or more orders of 
magnitude. 

As used herein, the term "recombinant" can include nucleic acids adjacent 
to a "backbone" nucleic acid to which it is not adjacent in its natural environment. In one 
5 aspect, nucleic acids represent 5% or more of the number of nucleic acid inserts in a 
population of nucleic acid "backbone molecules." "Backbone molecules" according to 
the invention include nucleic acids such as expression vectors, self-replicating nucleic 
acids, viruses, integrating nucleic acids, and other vectors or nucleic acids used to 
maintain or manipulate a nucleic acid insert of interest. In one aspect, the enriched 

10 nucleic acids represent 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more of the number of nucleic 
acid inserts in the population of recombinant backbone molecules. "Recombinant" 

15 polypeptides or proteins refer to polypeptides or proteins produced by recombinant DNA 
techniques; e.g., produced from cells transformed by an exogenous DNA construct 
encoding the desired polypeptide or protein. "Synthetic" polypeptides or protein are 
those prepared by chemical synthesis, as described in further detail, below. 

A promoter sequence can be "operably linked to" a coding sequence when 

20 RNA polymerase which initiates transcription at the promoter will transcribe the coding 
sequence into mRNA, as discussed further, below. 

"Oligonucleotide" includes either a single stranded polydeoxynucleotide 
or two complementary polydeoxynucleotide strands which may be chemically 
synthesized. Such synthetic oligonucleotides have no 5 ! phosphate and thus will not 

25 ligate to another oligonucleotide without adding a phosphate with an ATP in the presence 
of a kinase. A synthetic oligonucleotide can ligate to a fragment that has not been 
dephosphorylated. 

The phrase "substantially identical" in the context of two nucleic acids or 
polypeptides, can refer to two or more sequences that have, e.g., at least about 50%, 51%, 
30 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 
67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99%, or more nucleotide or amino acid residue (sequence) identity, when 
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compared and aligned for maximum correspondence, as measured using one any known 
sequence comparison algorithm, as discussed in detail below, or by visual inspection. In 
alternative aspects, the invention provides nucleic acid and polypeptide sequences having 
substantial identity to an exemplary sequence of the invention over a region of at least 
about 10, 20, 30, 40, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 
750, 800, 850, 900, 950, 1000 or more residues, or a region ranging from between about 
50 residues to the full length of the nucleic acid or polypeptide. Nucleic acid sequences 
of the invention can be substantially identical over the entire length of a polypeptide 
coding region. 

A "substantially identical" amino acid sequence also can include a 
sequence that differs from a reference sequence by one or more conservative or non- 
conservative amino acid substitutions, deletions, or insertions, particularly when such a 
substitution occurs at a site that is not the active site of the molecule, and provided that 
the polypeptide essentially retains its functional properties. A conservative amino acid 
substitution, for example, substitutes one amino acid for another of the same class (e.g., 
substitution of one hydrophobic amino acid, such as isoleucine, valine, leucine, or 
methionine, for another, or substitution of one polar amino acid for another, such as 
substitution of arginine for lysine, glutamic acid for aspartic acid or glutamine for 
asparagine). One or more amino acids can be deleted, for example, from an amylase, 
resulting in modification of the structure of the polypeptide, without significantly altering 
its biological activity. For example, amino- or carboxyl- terminal amino acids that are not 
required for amylase activity can be removed. 

"Hybridization" includes the process by which a nucleic acid strand joins 
with a complementary strand through base pairing. Hybridization reactions can be 
sensitive and selective so that a particular sequence of interest can be identified even in 
samples in which it is present at low concentrations. Stringent conditions can be defined 
by, for example, the concentrations of salt or formamide in the prehybridization and 
hybridization solutions, or by the hybridization temperature, and are well known in the 
art. For example, stringency can be increased by reducing the concentration of salt, 
increasing the concentration of formamide, or raising the hybridization temperature, 
altering the time of hybridization, as described in detail, below. In alternative aspects, 
nucleic acids of the invention are defined by their ability to hybridize under various 
stringency conditions (e.g., high, medium, and low), as set forth herein. 
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"Variant" includes polynucleotides or polypeptides of the invention 
modified at one or more base pairs, codons, introns, exons, or amino acid residues 
(respectively) yet still retain the biological activity of an amylase of the invention. 
Variants can be produced by any number of means included methods such as, for 
5 example, error-prone PCR, shuffling, oligonucleotide-directed mutagenesis, assembly 
PCR, sexual PCR mutagenesis, in vivo mutagenesis, cassette mutagenesis, recursive 
ensemble mutagenesis, exponential ensemble mutagenesis, site-specific mutagenesis, 
gene reassembly, GSSM and any combination thereof. Techniques for producing variant 
amylase having activity at a pH or temperature, for example, that is different from a wild- 
10 type amylase, are included herein. 

The term "saturation mutagenesis" or "GSSM" includes a method that uses 
degenerate oligonucleotide primers to introduce point mutations into a polynucleotide, as 
described in detail, below. 

The term "optimized directed evolution system" or "optimized directed 
15 evolution" includes a method for reassembling fragments of related nucleic acid 
sequences, e.g., related genes, and explained in detail, below. 

The term "synthetic ligation reassembly" or "SLR" includes a method of 
ligating oligonucleotide fragments in a non-stochastic fashion, and explained in detail, 
below. 

20 Generating and Manipulating Nucleic Acids 

In one aspect, the invention provides isolated or recombinant nucleic acids 
comprising a nucleic acid sequence having at least about 50%, 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 

25 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 
more, or complete (100%) sequence identity to an exemplary nucleic acid of the invention 
over a region of at least about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 100, 
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950,. 
1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 1550 or more, 

30 residues. In one aspect, the nucleic acid encodes at least one polypeptide having an 
amylase activity, e.g., an alpha amylase activity. 
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For example, the following table describes some exemplary amylase- 
encoding nucleic acids of the invention, e.g., the invention provides an amylase having a 
sequence as set forth in SEQ ID NO:474, having an exemplary coding sequence as set 
forth in SEQ ID NO:473, and in one aspect is encoded by a gene, including introns and 
5 exons, having a sequence as set forth in SEQ ID NO:467 (including exons having 
sequences as set forth in SEQ ID NO:468, SEQ ID NO:469, SEQ ID NO:470, SEQ ID 
NO:471 and SEQ ID NO:472); etc.: 



Amylase 
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of full gene 
(exons and 
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J 
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N 
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541 
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552 
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559 
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560 
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S 


587 


588-592 
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587-594 



The above listed amylases (described as A thru S) and the nucleic acids 
10 that encode them have a common novelty in that they were initially isolated/ derived from 
fungal sources. 

The invention also provides glucoamylases, such as the enzyme having a 
sequence as set forth in SEQ ID NO:594 encoded by the 41 1 1 residues of the genomic 
SEQ ID NO:587, or, the 1 854 residue long cDNA of SEQ ID NO:593). The genomic 
15 SEQ ID NO:587, comprises introns and exons, and the exons can be described as 

encoding polypeptide fragments having a sequence as set forth in SEQ ID NO:588, SEQ 
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ID NO:589, SEQ ID NO:590, SEQ ID NO:591, SEQ ID NO:592. In one aspect, the 
"mature" processed glucoamylase consisting of residues 32 to 617 of SEQ ID NO: 594. 

The invention provides isolated and recombinant nucleic acids, including 
expression cassettes such as expression vectors encoding the polypeptides of the 

5 invention. The invention provides probes comprising or consisting of nucleic acids of the 
invention. The invention also includes methods for discovering new amylase sequences 
using the nucleic acids of the invention. The invention also includes methods for 
inhibiting the expression of amylase genes, transcripts and polypeptides using the nucleic 
acids of the invention. Also provided are methods for modifying the nucleic acids of the 

10 invention by, e.g., synthetic ligation reassembly, optimized directed evolution system 
and/or gene site saturation mutagenesis (GSSM™). 

The nucleic acids of the invention can be made, isolated and/or 
manipulated by, e.g., cloning and expression of cDNA libraries, amplification of message 
or genomic DNA by PCR, and the like. In practicing the methods of the invention, 

15 homologous genes can be modified by manipulating a template nucleic acid, as described 
herein. The invention can be practiced in conjunction with any method or protocol or 
device known in the art, which are well described in the scientific and patent literature. 

General Techniques 

The nucleic acids used to practice this invention, whether RNA, iRNA, 
20 antisense nucleic acid, cDNA, genomic DNA, vectors, viruses or hybrids thereof, may be 
isolated from a variety of sources, genetically engineered, amplified, and/or expressed/ 
generated recombinantly. Recombinant polypeptides generated from these nucleic acids 
can be individually isolated or cloned and tested for a desired activity. Any recombinant 
expression system can be used, including bacterial, mammalian, yeast, insect or plant cell 
25 expression systems. 

Alternatively, these nucleic acids can be synthesized in vitro by well- 
known chemical synthesis techniques, as described in, e.g., Adams (1983) J. Am. Chem. 
Soc. 105:661; Belousov (1997) Nucleic Acids Res. 25:3440-3444; Frenkel (1995) Free 
Radic. Biol. Med. 19:373-380; Blommers (1994) Biochemistry 33:7886-7896; Narang 
30 (1979) Meth. Enzymol. 68:90; Brown (1979) Meth. Enzymol. 68:109; Beaucage (1981) 
Tetra. Lett. 22:1859; U.S. Patent No. 4,458,066. 
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Techniques for the manipulation of nucleic acids, such as, e.g., subcloning, 
labeling probes (e.g., random-primer labeling using Klenow polymerase, nick translation, 
amplification), sequencing, hybridization and the like are well described in the scientific 
and patent literature, see, e.g., Sambrook, ed., MOLECULAR CLONING: A 
LABORATORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor Laboratory, 
(1989); CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Ausubel, ed. John 
Wiley & Sons, Inc., New York (1997); LABORATORY TECHNIQUES IN 
BIOCHEMISTRY AND MOLECULAR BIOLOGY: HYBRIDIZATION WITH 
NUCLEIC ACID PROBES, Part L Theory and Nucleic Acid Preparation, Tijssen, ed. 
Elsevier, N.Y. (1993). 

Another useful means of obtaining and manipulating nucleic acids used to 
practice the methods of the invention is to clone from genomic samples, and, if desired, 
screen and re-clone inserts isolated or amplified from, e.g., genomic clones or cDNA 
clones. Sources of nucleic acid used in the methods of the invention include genomic or 
cDNA libraries contained in, e.g., mammalian artificial chromosomes (MACs), see, e.g., 
U.S. Patent Nos. 5,721,1 18; 6,025,155; human artificial chromosomes, see, e.g., 
Rosenfeld (1997) Nat. Genet. 15:333-335; yeast artificial chromosomes (YAC); bacterial 
artificial chromosomes (BAC); PI artificial chromosomes, see, e.g., Woon (1998) 
Genomics 50:306-316; Pl-derived vectors (PACs), see, e.g., Kern (1997) Biotechniques 
23:120-124; cosmids, recombinant viruses, phages or plasmids. 

In one aspect, a nucleic acid encoding a polypeptide of the invention is 
assembled in appropriate phase with a leader sequence capable of directing secretion of 
the translated polypeptide or fragment thereof. 

The invention provides fusion proteins and nucleic acids encoding them. 
A polypeptide of the invention can be fused to a heterologous peptide or polypeptide, 
such as N-terminal identification peptides which impart desired characteristics, such as 
increased stability or simplified purification. Peptides and polypeptides of the invention 
can also be synthesized and expressed as fusion proteins with one or more additional 
domains linked thereto for, e.g., producing a more immunogenic peptide, to more readily 
isolate a recombinantly synthesized peptide, to identify and isolate antibodies and 
antibody-expressing B cells, and the like. Detection and purification facilitating domains 
include, e.g., metal chelating peptides such as polyhistidine tracts and histidine- 
tryptophan modules that allow purification on immobilized metals, protein A domains 
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that allow purification on immobilized immunoglobulin, and the domain utilized in the 
FLAGS extension/affinity purification system (Immunex Corp, Seattle WA). The 
inclusion of a cleavable linker sequences such as Factor Xa or enterokinase (Invitrogen, 
San Diego CA) between a purification domain and the motif-comprising peptide or 
polypeptide to facilitate purification. For example, an expression vector can include an 
epitope-encoding nucleic acid sequence linked to six histidine residues followed by a 
thioredoxin and an enterokinase cleavage site (see e.g., Williams (1995) Biochemistry 
34:1787-1797; Dobeli (1998) Protein Expr. Purif. 12:404-414). The histidine residues 
facilitate detection and purification while the enterokinase cleavage site provides a means 
for purifying the epitope from the remainder of the fusion protein. Technology pertaining 
to vectors encoding fusion proteins and application of fusion proteins are well described 
in the scientific and patent literature, see e.g., Kroll (1993) DNA Cell. Biol., 12:441-53. 

Transcriptional and translational control sequences 

The invention provides nucleic acid (e.g., DNA) sequences of the 
invention operatively linked to expression (e.g., transcriptional or translational) control 
sequence(s), e.g., promoters or enhancers, to direct or modulate RNA synthesis/ 
expression. The expression control sequence can be in an expression vector. Exemplary 
bacterial promoters include lad, lacZ, T3, T7, gpt, lambda PR, PL and tip. Exemplary 
eukaryotic promoters include CMV immediate early, HS V thymidine kinase, early and 
late SV40, LTRs from retrovirus, and mouse metallothionein L 

Promoters suitable for expressing a polypeptide in bacteria include the E. 
coli lac or trp promoters, the lad promoter, the lacZ promoter, the T3 promoter, the T7 
promoter, the gpt promoter, the lambda PR promoter, the lambda PL promoter, promoters 
from operons encoding glycolytic enzymes such as 3-phosphoglycerate kinase (PGK), 
and the acid phosphatase promoter. Eukaryotic promoters include the CMV immediate 
early promoter, the HSV thymidine kinase promoter, heat shock promoters, the early and 
late S V40 promoter, LTRs from retroviruses, and the mouse metallothionein-I promoter. 
Other promoters known to control expression of genes in prokaryotic or eukaryotic cells 
or their viruses may also be used. 

Tissue-Specific Plant Promoters 

The invention provides expression cassettes that can be expressed in a 
tissue-specific manner, e.g., that can express an amylase of the invention in a tissue- 
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specific manner. The invention also provides plants or seeds that express an amylase of 
the invention in a tissue-specific manner. The tissue-specificity can be seed specific, 
stem specific, leaf specific, root specific, fruit specific and the like. 

In one aspect, a constitutive promoter such as the CaMV 35S promoter can 
5 be used for expression in specific parts of the plant or seed or throughout the plant. For 
example, for overexpression, a plant promoter fragment can be employed which will 
direct expression of a nucleic acid in some or all tissues of a plant, e.g., a regenerated 
plant. Such promoters are referred to herein as "constitutive" promoters and are active 
under most environmental conditions and states of development or cell differentiation. 

10 Examples of constitutive promoters include the cauliflower mosaic virus (CaMV) 35S 
transcription initiation region, the 1 - or T- promoter derived from T-DNA of 
Agrobacterium tumefaciens, and other transcription initiation regions from various plant 
genes known to those of skill. Such genes include, e.g., ACT11 from Arabidopsis (Huang 
(1996) Plant Mol. Biol 33:125-139); Cat3 from Arabidopsis (GenBankNo. U43147, 

15 Zhong (1996) Mol. Gen. Genet. 251 :1 96-203); the gene encoding stearoyl-acyl carrier 
protein desaturase from Brassica napus (Genbank No. X74782, Solocombe (1994) Plant 
Physiol 104:1 167-1 176); GPcl from maize (GenBank No. X15596; Martinez (1989) J. 
Mol Biol 208:551-565); the Gpc2 from maize (GenBank No. U45855, Manjunath (1997) 
Plant Mol Biol 33:97-1 12); plant promoters described in U.S. Patent Nos. 4,962,028; 

20 5,633,440. 

The invention uses tissue-specific or constitutive promoters derived from 
viruses which can include, e.g., the tobamo virus subgenomic promoter (Kumagai (1995) 
Proc. Natl. Acad. Sci. USA 92:1679-1683; the rice tungro bacilliform virus (RTBV), 
which replicates only in phloem cells in infected rice plants, with its promoter which 

25 drives strong phloem-specific reporter gene expression; the cassava vein mosaic virus 
(CVMV) promoter, with highest activity in vascular elements, in leaf mesophyll cells, 
and in root tips (Verdaguer (1996) Plant Mol. Biol. 31 :1 129-1 139). 

Alternatively, the plant promoter may direct expression of amylase- 
expressing nucleic acid in a specific tissue, organ or cell type {i.e. tissue-specific 

30 promoters) or may be otherwise under more precise environmental or developmental 
control or under the control of an inducible promoter. Examples of environmental 
conditions that may affect transcription include anaerobic conditions, elevated 
temperature, the presence of light, or sprayed with chemicals/hormones. For example, the 
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invention incorporates the drought-inducible promoter of maize (Busk (1997) supra); the 
cold, drought, and high salt inducible promoter from potato (Kirch (1997) Plant Mol. 
Biol. 33:897 909). 

Tissue-specific promoters can promote transcription only within a certain 
5 time frame of developmental stage within that tissue. See, e.g., Blazquez (1998) Plant 
Cell 10:791-800, characterizing the Arabidopsis LEAFY gene promoter. See also Cardon 
(1997) Plant J 12:367-77, describing the transcription factor SPL3, which recognizes a 
conserved sequence motif in the promoter region of the A. thaliana floral meristem 
identity gene API; and Mandel (1995) Plant Molecular Biology, Vol. 29, pp 995-1004, 

10 describing the meristem promoter eIF4. Tissue specific promoters which are active 
throughout the life cycle of a particular tissue can be used. In one aspect, the nucleic 
acids of the invention are operably linked to a promoter active primarily only in cotton 
fiber cells. In one aspect, the nucleic acids of the invention are operably linked to a 
promoter active primarily during the stages of cotton fiber cell elongation, e.g., as 

15 described by Rinehart (1996) supra. The nucleic acids can be operably linked to the 

Fbl2 A gene promoter to be preferentially expressed in cotton fiber cells (Ibid) . See also, 
John (1997) Proc. Natl. Acad. Sci. USA 89:5769-5773; John, et ah, U.S. Patent Nos. 
5,608,148 and 5,602,321, describing cotton fiber-specific promoters and methods for the 
construction of transgenic cotton plants. Root-specific promoters may also be used to 

20 express the nucleic acids of the invention. Examples of root-specific promoters include 
the promoter from the alcohol dehydrogenase gene (DeLisle (1990) Int. Rev. Cytol. 
123:39-60). Other promoters that can be used to express the nucleic acids of the 
invention include, e.g., ovule-specific, embryo-specific, endosperm-specific, integument- 
specific, seed coat-specific promoters, or some combination thereof; a leaf-specific 

25 promoter (see, e.g., Busk (1997) Plant J. 1 1 :1285 1295, describing a leaf-specific 

promoter in maize); the ORF13 promoter from Agrobacterium rhizogenes (which exhibits 
high activity in roots, see, e.g., Hansen (1997) supra); a maize pollen specific promoter 
(see, e.g., Guerrero (1990) Mol. Gen. Genet. 224:161 168); a tomato promoter active 
during fruit ripening, senescence and abscission of leaves and, to a lesser extent, of 

30 flowers can be used (see, e.g., Blume (1997) Plant J. 12:731 746); a pistil-specific 
promoter from the potato SK2 gene (see, e.g., Fickef (1997/Plant Mol. Biol. 35:425 
431); the Blec4 gene from pea, which is active in epidermal tissue of vegetative and floral 
shoot apices of transgenic alfalfa making it a useful tool to target the expression of 
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foreign genes to the epidermal layer of actively growing shoots or fibers; the ovule- 
specific BEL1 gene (see, e.g., Reiser (1995) Cell 83:735-742, GenBank No. U39944); 
and/or, the promoter in Klee, U.S. Patent No. 5,589,583, describing a plant promoter 
region is capable of conferring high levels of transcription in meristematic tissue and/or 
5 rapidly dividing cells. 

Alternatively, plant promoters which are inducible upon exposure to plant 
hormones, such as auxins, are used to express the nucleic acids of the invention. For 
example, the invention can use the auxin-response elements El promoter fragment 
(AuxREs) in the soybean (Glycine max L.) (Liu (1997) Plant Physiol. 1 15:397-407); the 

10 auxin-responsive Arabidopsis GST6 promoter (also responsive to salicylic acid and 
hydrogen peroxide) (Chen (1996) Plant J. 10: 955-966); the auxin-inducible parC 
promoter from tobacco (Sakai (1996) 37:906-913); a plant biotin response element (Streit 
(1997) Mol. Plant Microbe Interact. 10:933-937); and, the promoter responsive to the 
stress hormone abscisic acid (Sheen (1996) Science 274:1900-1902). 

15 The nucleic acids of the invention can also be operably linked to plant 

promoters which are inducible upon exposure to chemicals reagents which can be applied 
to the plant, such as herbicides or antibiotics. For example, the maize In2-2 promoter, 
activated by benzenesulfonamide herbicide safeners, can be used (De Veylder (1 997) 
Plant Cell Physiol. 38:568-577); application of different herbicide safeners induces 

20 distinct gene expression patterns, including expression in the root, hydathodes, and the 
shoot apical meristem. Coding sequence can be under the control of, e.g., a 
tetracycline-inducible promoter, e.g., as described with transgenic tobacco plants 
containing the Avena sativa L. (oat) arginine decarboxylase gene (Masgrau (1997) Plant 
J. 1 1 :465-473); or, a salicylic acid-responsive element (Stange (1997) Plant J. 

25 1 1:1315-1324). Using chemically- (e.g., hormone- or pesticide-) induced promoters, i.e., 
promoter responsive to a chemical which can be applied to the transgenic plant in the 
field, expression of a polypeptide of the invention can be induced at a particular stage of 
development of the plant. Thus, the invention also provides for transgenic plants 
containing an inducible gene encoding for polypeptides of the invention whose host range 

30 is limited to target plant species, such as corn, rice, barley, wheat, potato or other crops, 
inducible at any stage of development of the crop. 

One of skill will recognize that a tissue-specific plant promoter may drive 
expression of operably linked sequences in tissues other than the target tissue. Thus, a 
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tissue-specific promoter is one that drives expression preferentially in the target tissue or 
cell type, but may also lead to some expression in other tissues as well. 

The nucleic acids of the invention can also be operably linked to plant 
promoters which are inducible upon exposure to chemicals reagents. These reagents 
include, e.g., herbicides, synthetic auxins, or antibiotics which can be applied, e.g., 
sprayed, onto transgenic plants. Inducible expression of the amylase-producing nucleic 
acids of the invention will allow the grower to select plants with the optimal starch / sugar 
ratio. The development of plant parts can thus controlled. In this way the invention 
provides the means to facilitate the harvesting of plants and plant parts. For example, in 
various embodiments, the maize In2-2 promoter, activated by benzenesulfonamide 
herbicide safeners, is used (De Veylder (1997) Plant Cell Physiol 38:568-577); 
application of different herbicide safeners induces distinct gene expression patterns, 
including expression in the root, hydathodes, and the shoot apical meristem. Coding 
sequences of the invention are also under the control of a tetracycline-inducible promoter, 
e.g., as described with transgenic tobacco plants containing the Avena sativa L. (oat) 
arginine decarboxylase gene (Masgrau (1997) Plant J. 1 1:465-473); or, a salicylic 
acid-responsive element (Stange (1997) Plant J. 11:1315-1324). 

If proper polypeptide expression is desired, a polyadenylation region at the 
3'-end of the coding region should be included. The polyadenylation region can be 
derived from the natural gene, from a variety of other plant genes, or from genes in the 
Agrobacterial T-DNA. 

Expression vectors and cloning vehicles 

The invention provides expression vectors and cloning vehicles 
comprising nucleic acids of the invention, e.g., sequences encoding the amylases of the 
invention. Expression vectors and cloning vehicles of the invention can comprise viral 
particles, baculovirus, phage, plasmids, phagemids, cosmids, fosmids, bacterial artificial 
chromosomes, viral DNA (e.g., vaccinia, adenovirus, foul pox virus, pseudorabies and 
derivatives of SV40), Pl-based artificial chromosomes, yeast plasmids, yeast artificial 
chromosomes, and any other vectors specific for specific hosts of interest (such as 
bacillus, Aspergillus and yeast). Vectors of the invention can include chromosomal, non- 
chromosomal and synthetic DNA sequences. Large numbers of suitable vectors are 
known to those of skill in the art, and are commercially available. Exemplary vectors are 
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include: bacterial: pQE vectors (Qiagen), pBluescript plasmids, pNH vectors, (lambda- 
ZAP vectors (Stratagene); ptrc99a, pKK223-3, pDR540, pRIT2T (Pharmacia); 
Eukaryotic: pXTl, pSG5 (Stratagene), pSVK3, pBPV, pMSG, pSVLSV40 (Pharmacia). 
However, any other plasmid or other vector may be used so long as they are replicable 
5 and viable in the host. Low copy number or high copy number vectors may be employed 
with the present invention. 

The expression vector can comprise a promoter, a ribosome binding site 
for translation initiation and a transcription terminator. The vector may also include 
appropriate sequences for amplifying expression. Mammalian expression vectors can 

10 comprise an origin of replication, any necessary ribosome binding sites, a 

polyadenylation site, splice donor and acceptor sites, transcriptional termination 
sequences, and 5 ! flanking non-transcribed sequences. In some aspects, DNA sequences 
derived from the SV40 splice and polyadenylation sites may be used to provide the 
required non-transcribed genetic elements. 

15 In one aspect, the expression vectors contain one or more selectable marker genes to 
permit selection of host cells containing the vector. Such selectable markers include 
genes encoding dihydrofolate reductase or genes conferring neomycin resistance for 
eukaryotic cell culture, genes conferring tetracycline or ampicillin resistance in E. coli, 
and the S. cerevisiae TRP1 gene. Promoter regions can be selected from any desired gene 

20 using chloramphenicol transferase (CAT) vectors or other vectors with selectable 
markers. 

Vectors for expressing the polypeptide or fragment thereof in eukaryotic 
cells can also contain enhancers to increase expression levels. Enhancers are cis-acting 
elements of DNA, usually from about 10 to about 300 bp in length that act on a promoter 

25 to increase its transcription. Examples include the SV40 enhancer on the late side of the 
replication origin bp 100 to 270, the cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, and the adenovirus enhancers. 

A nucleic acid sequence can be inserted into a vector by a variety of 
procedures. In general, the sequence is ligated to the desired position in the vector 

30 following digestion of the insert and the vector with appropriate restriction 

endonucleases. Alternatively, blunt ends in both the insert and the vector may be ligated. 
A variety of cloning techniques are known in the art, e.g., as described in Ausubel and 
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Sambrook. Such procedures and others are deemed to be within the scope of those skilled 
in the art. 

The vector can be in the form of a plasmid, a viral particle, or a phage. 
Other vectors include chromosomal, non-chromosomal and synthetic DNA sequences, 
5 derivatives of SV40; bacterial plasmids, phage DNA, baculovirus, yeast plasmids, vectors 
derived from combinations of plasmids and phage DNA, viral DN A such as vaccinia, 
adenovirus, fowl pox virus, and pseudorabies. A variety of cloning and expression 
vectors for use with prokaryotic and eukaryotic hosts are described by, e.g., Sambrook. 

Particular bacterial vectors which can be used include the commercially 

10 available plasmids comprising genetic elements of the well known cloning vector 
pBR322 (ATCC 37017), pKK223-3 (Pharmacia Fine Chemicals, Uppsala, Sweden), 
GEM1 (Promega Biotec, Madison, WI, USA) pQE70, pQE60, pQE-9 (Qiagen), pDIO, 
psiX174 pBluescript II KS, pNH8A, pNH16a, pNH18A, pNH46A (Stratagene), ptrc99a, 
pKK223-3, pKK233-3, DR540, pRIT5 (Pharmacia), pKK232-8 and pCM7. Particular 

15 eukaryotic vectors include pS V2CAT, pOG44, pXTl , pSG (Stratagene) pSVK3, pBP V, 
pMSG, and pSVL (Pharmacia). However, any other vector may be used as long as it is 
replicable and viable in the host cell. 

The nucleic acids of the invention can be expressed in expression 
cassettes, vectors or viruses and transiently or stably expressed in plant cells and seeds. 

20 One exemplary transient expression system uses episomal expression systems, e.g., 

cauliflower mosaic virus (CaMV) viral RNA generated in the nucleus by transcription of 
an episomal mini-chromosome containing supercoiled DNA, see, e.g., Covey (1990) 
Proc. Natl. Acad. Sci. USA 87:1633-1637. Alternatively, coding sequences, i.e., all or 
sub- fragments of sequences of the invention can be inserted into a plant host cell genome 

25 becoming an integral part of the host chromosomal DNA. Sense or antisense transcripts 
can be expressed in this manner. A vector comprising the sequences (e.g., promoters or 
coding regions) from nucleic acids of the invention can comprise a marker gene that 
confers a selectable phenotype on a plant cell or a seed. For example, the marker may 
encode biocide resistance, particularly antibiotic resistance, such as resistance to 

30 kanamycin, G418, bleomycin, hygromycin, or herbicide resistance, such as resistance to 
chlorosulfuron or Basta. 

Expression vectors capable of expressing nucleic acids and proteins in 
plants are well known in the art, and can include, e.g., vectors from Agrobacterium spp., 
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potato virus X (see, e.g., Angell (1997) EMBO J. 16:3675-3684), tobacco mosaic virus 
(see, e.g., Casper (1996) Gene 173:69-73), tomato bushy stunt virus (see, e.g., Hillman 
(1989) Virology 169:42-50), tobacco etch virus (see, e.g., Dolja (1997) Virology 
234:243-252), bean golden mosaic virus (see, e.g., Morinaga (1993) Microbiol Immunol 
5 37:471-476), cauliflower mosaic virus (see, e.g., Cecchini (1997) Mol. Plant Microbe 
Interact. 10:1094-1 101), maize Ac/Ds transposable element (see, e.g., Rubin (1997) Mol. 
Cell. Biol. 17:6294-6302; Kunze (1996) Curr. Top. Microbiol. Immunol. 204:161-194), 
and the maize suppressor-mutator (Spm) transposable element (see, e.g., Schlappi (1996) 
Plant Mol. Biol. 32:717-725); and derivatives thereof. 
0 In one aspect, the expression vector can have two replication systems to 

allow it to be maintained in two organisms, for example in mammalian or insect cells for 
expression and in a prokaryotic host for cloning and amplification. Furthermore, for 
integrating expression vectors, the expression vector can contain at least one sequence 
homologous to the host cell genome. It can contain two homologous sequences which 
5 flank the expression construct. The integrating vector can be directed to a specific locus 
in the host cell by selecting the appropriate homologous sequence for inclusion in the 
vector. Constructs for integrating vectors are well known in the art. 

Expression vectors of the invention may also include a selectable marker 
gene to allow for the selection of bacterial strains that have been transformed, e.g., genes 
which render the bacteria resistant to drugs such as ampicillin, chloramphenicol, 
erythromycin, kanamycin, neomycin and tetracycline. Selectable markers can also 
include biosynthetic genes, such as those in the histidine, tryptophan and leucine 
biosynthetic pathways. 

Host cells and transformed cells 

The invention also provides a transformed cell comprising a nucleic acid 
sequence of the invention, e.g., a sequence encoding an amylase of the invention, or a 
vector of the invention. The host cell may be any of the host cells familiar to those 
skilled in the art, including prokaryotic cells, eukaryotic cells, such as bacterial cells, 
fungal cells, yeast cells, mammalian cells, insect cells, or plant cells. Exemplary bacterial 
cells include E. coli, any Streptomyces or Bacillus (e.g., Bacillus cereus t Bacillus 
subtilis), Salmonella typhimurium and various species within the genera Bacillus, 
Streptomyces, and Staphylococcus. Exemplary insect cells include Drosophila S2 and 
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Spodoptera SJ9. Exemplary animal cells include CHO, COS or Bowes melanoma or any 
mouse or human cell line. The selection of an appropriate host is within the abilities of 
those skilled in the art. Techniques for transforming a wide variety of higher plant 
species are well known and described in the technical and scientific literature. See, e.g., 
Weising (1988) Ann. Rev. Genet. 22:421-477, U.S. Patent No. 5,750,870. 

The vector can be introduced into the host cells using any of a variety of 
techniques, including transformation, transfection, transduction, viral infection, gene 
guns, or Ti-mediated gene transfer. Particular methods include calcium phosphate 
transfection, DEAE-Dextran mediated transfection, lipofection, or electroporation (Davis, 
L., Dibner, M, Battey, I., Basic Methods in Molecular Biology, (1986)). 

In one aspect, the nucleic acids or vectors of the invention are introduced 
into the cells for screening, thus, the nucleic acids enter the cells in a manner suitable for 
subsequent expression of the nucleic acid. The method of introduction is largely dictated 
by the targeted cell type. Exemplary methods include CaP0 4 precipitation, liposome 
fusion, lipofection (e.g., LIPOFECTIN™), electroporation, viral infection, etc. The 
candidate nucleic acids may stably integrate into the genome of the host cell (for 
example, with retroviral introduction) or may exist either transiently or stably in the 
cytoplasm (i.e. through the use of traditional plasmids, utilizing standard regulatory 
sequences, selection markers, etc.). As many pharmaceutically important screens require 
human or model mammalian cell targets, retroviral vectors capable of transfecting such 
targets are preferred. 

Where appropriate, the engineered host cells can be cultured in 
conventional nutrient media modified as appropriate for activating promoters, selecting 
transformants or amplifying the genes of the invention. Following transformation of a 
suitable host strain and growth of the host strain to an appropriate cell density, the 
selected promoter may be induced by appropriate means (e.g., temperature shift or 
chemical induction) and the cells may be cultured for an additional period to allow them 
to produce the desired polypeptide or fragment thereof. 

Cells can be harvested by centrifiigation, disrupted by physical or chemical 
means, and the resulting crude extract is retained for further purification. Microbial cells 
employed for expression of proteins can be disrupted by any convenient method, 
including freeze-thaw cycling, sonication, mechanical disruption, or use of cell lysing 
agents. Such methods are well known to those skilled in the art. The expressed 
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polypeptide or fragment thereof can be recovered and purified from recombinant cell 
cultures by methods including ammonium sulfate or ethanol precipitation, acid extraction, 
anion or cation exchange chromatography, phosphocellulose chromatography, 
hydrophobic interaction chromatography, affinity chromatography, hydroxyl apatite 
5 chromatography and lectin chromatography. Protein refolding steps can be used, as 
necessary, in completing configuration of the polypeptide. If desired, high performance 
liquid chromatography (HPLC) can be employed for final purification steps. 

Various mammalian cell culture systems can also be employed to express 
recombinant protein. Examples of mammalian expression systems include the COS-7 

10 lines of monkey kidney fibroblasts and other cell lines capable of expressing proteins 
from a compatible vector, such as the C127, 3T3, CHO, HeLa and BHK cell lines. 

The constructs in host cells can be used in a conventional manner to 
produce the gene product encoded by the recombinant sequence. Depending upon the 
host employed in a recombinant production procedure, the polypeptides produced by host 

15 cells containing the vector may be glycosylated or may be non-glycosylated. 

Polypeptides of the invention may or may not also include an initial methionine amino 
acid residue. 

Cell-free translation systems can also be employed to produce a 
polypeptide of the invention. Cell-free translation systems can use mRNAs transcribed 

20 from a DNA construct comprising a promoter operably linked to a nucleic acid encoding 
the polypeptide or fragment thereof. In some aspects, the DNA construct may be 
linearized prior to conducting an in vitro transcription reaction. The transcribed mRNA is 
then incubated with an appropriate cell-free translation extract, such as a rabbit 
reticulocyte extract, to produce the desired polypeptide or fragment thereof. 

25 The expression vectors can contain one or more selectable marker genes to 

provide a phenotypic trait for selection of transformed host cells such as dihydrofolate 
reductase or neomycin resistance for eukaryotic cell culture, or such as tetracycline or 
ampicillin resistance in E. coli. 

Amplification of Nucleic Acids 
30 In practicing the invention, nucleic acids of the invention and nucleic acids 

encoding the polypeptides of the invention, or modified nucleic acids of the invention, 
can be reproduced by amplification. Amplification can also be used to clone or modify 
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the nucleic acids of the invention. Thus, the invention provides amplification primer 
sequence pairs for amplifying nucleic acids of the invention. One of skill in the art can 
design amplification primer sequence pairs for any part of or the full length of these 
sequences. 

5 Amplification reactions can also be used to quantify the amount of nucleic 

acid in a sample (such as the amount of message in a cell sample), label the nucleic acid 
(e.g., to apply it to an array or a blot), detect the nucleic acid, or quantify the amount of a 
specific nucleic acid in a sample. In one aspect of the invention, message isolated from a 
cell or a cDNA library are amplified. 

10 The skilled artisan can select and design suitable oligonucleotide 

amplification primers. Amplification methods are also well known in the art, and include, 
e.g., polymerase chain reaction, PCR (see, e.g., PCR PROTOCOLS, A GUIDE TO 
METHODS AND APPLICATIONS, ed. Innis, Academic Press, N.Y. (1990) and PCR 
STRATEGIES (1995), ed. Innis, Academic Press, Inc., N.Y., ligase chain reaction (LCR) 

15 (see, e.g., Wu (1989) Genomics 4:560; Landegren (1988) Science 241 :1077; Barringer 
(1990) Gene 89:1 17); transcription amplification (see, e.g., Kwoh (1989) Proc. Natl. 
Acad. Sci. USA 86:1 173); and, self-sustained sequence replication (see, e.g., Guatelli 
(1990) Proc. Natl. Acad. Sci. USA 87:1874); Q Beta replicase amplification (see, e.g., 
Smith (1997) J. Clin. Microbiol. 35:1477-1491), automated Q-beta replicase 

20 amplification assay (see, e.g., Burg (1996) Mol. Cell. Probes 10:257-271) and other RNA 
polymerase mediated techniques (e.g., NASBA, Cangene, Mississauga, Ontario); see also 
Berger (1987) Methods Enzymol. 152:307-316; Sambrook; Ausubel; U.S. Patent Nos. 
4,683,195 and 4,683,202; Sooknanan (1995) Biotechnology 13:563-564. 

Determining the degree of sequence identity 

25 The invention provides nucleic acids comprising sequences having at least 

about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99%, or more, or complete (1 00%) sequence identity to an 

30 exemplary nucleic acid of the invention over a region of at least about 50, 75, 1 00, 1 50, 
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 
1050, 1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 1550 or more, residues. 
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The invention provides polypeptides comprising sequences having at least about 50%, 
51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 
5 96%, 97%, 98%, 99%, or more, or complete (100%) sequence identity to an exemplary 
polypeptide of the invention. The extent of sequence identity (homology) may be 
determined using any computer program and associated parameters, including those 
described herein, such as BLAST 2.2.2. or FASTA version 3.0t78, with the default 
parameters. 

10 Figure 35 is a chart describing selected characteristics of exemplary 

nucleic acids and polypeptides of the invention, including sequence identity comparison 
of the exemplary sequences to public databases. All sequences described in Figure 35 
have been subject to a BLAST search (as described in detail, below) against two sets of 
databases. The first database set is available through NCBI (National Center for 

15 Biotechnology Information). All results from searches against these databases are found 
in the columns entitled "NR Description", "NR Accession Code", "NR Evalue" or "NR 
Organism". "NR" refers to the Non-Redundant nucleotide database maintained by NCBI. 
This database is a composite of GenBank, GenBank updates, and EMBL updates. The 
entries in the column "NR Description" refer to the definition line in any given NCBI 

20 record, which includes a description of the sequence, such as the source organism, gene 
name/protein name, or some description of the function of the sequence. The entries in 
the column "NR Accession Code" refer to the unique identifier given to a sequence 
record. The entries in the column "NR Evalue" refer to the Expect value (Evalue), which 
represents the probability that an alignment score as good as the one found between the 

25 query sequence (the sequences of the invention) and a database sequence would be found 
in the same number of comparisons between random sequences as was done in the 
present BLAST search. The entries in the column "NR Organism" refer to the source 
organism of the sequence identified as the closest BLAST hit. The second set of 
databases is collectively known as the Geneseq™ database, which is available through 

30 Thomson Derwent (Philadelphia, PA). All results from searches against this database are 
found in the columns entitled "Geneseq Protein Description", "Geneseq Protein 
Accession Code", "Geneseq Protein Evalue", "Geneseq DNA Description", "Geneseq 
DNA Accession Code" or "Geneseq DNA Evalue". The information found in these 
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columns is comparable to the information found in the NR columns described above, 
except that it was derived from BLAST searches against the Geneseq™ database instead 
of the NCBI databases. In addition, this table includes the column "Predicted EC No.". 
An EC number is the number assigned to a type of enzyme according to a scheme of 
5 standardized enzyme nomenclature developed by the Enzyme Commission of the 
Nomenclature Committee of the International Union of Biochemistry and Molecular 
Biology (IUBMB). The results in the "Predicted EC No." column are determined by a 
BLAST search against the Kegg (Kyoto Encyclopedia of Genes and Genomes) database. 
If the top BLAST match has an Evalue equal to or less than e' 6 , the EC number assigned 

10 to the top match is entered into the table. The EC number of the top hit is used as a guide 
to what the EC number of the sequence of the invention might be. The columns "Query 
DNA Length" and "Query Protein Length" refer to the number of nucleotides or the 
number amino acids, respectively, in the sequence of the invention that was searched or 
queried against either the NCBI or Geneseq databases. The columns "Geneseq or NR 

15 DNA Length" and "Geneseq or NR Protein Length" refer to the number of nucleotides or 
the number amino acids, respectively, in the sequence of the top match from the BLAST 
search. The results provided in these columns are from the search that returned the lower 
Evalue, either from the NCBI databases or the Geneseq database. The columns "Geneseq 
or NR %ID Protein" and "Geneseq or NR %ID DNA" refer to the percent sequence 

20 identity between the sequence of the invention and the sequence of the top BLAST 

match. The results provided in these columns are from the search that returned the lower 
Evalue, either from the NCBI databases or the Geneseq database. 

Homologous sequences also include RNA sequences in which uridines 
replace the thymines in the nucleic acid sequences. The homologous sequences may be 

25 obtained using any of the procedures described herein or may result from the correction 
of a sequencing error. It will be appreciated that the nucleic acid sequences as set forth 
herein can be represented in the traditional single character format (see, e.g., Stryer, 
Lubert. Biochemistry, 3rd Ed., W. H Freeman & Co., New York) or in any other format 
which records the identity of the nucleotides in a sequence. 

30 Various sequence comparison programs identified herein are used in this 

aspect of the invention. Protein and/or nucleic acid sequence identities (homologies) may 
be evaluated using any of the variety of sequence comparison algorithms and programs 
known in the art. Such algorithms and programs include, but are not limited to, 



WO 2004/091544 



PCT/US2004/007096 



TBLASTN, BLASTP, FASTA, TFASTA, and CLUSTALW (Pearson and Lipman, Proc. 
Natl. Acad. Sci. USA 85(8):2444-2448, 1988; Altschul et al., J. Mol. BioL 215(3):403- 
410, 1990; Thompson et al., Nucleic Acids Res. 22(2):4673-4680, 1994; Higgins et al., 
Methods EnzymoL 266:383-402, 1996; Altschul et al., J. Mol. Biol. 215(3):403-410, 
5 1 990; Altschul et al., Nature Genetics 3 :266-272, 1 993). 

Homology or sequence identity can be measured using sequence analysis 
software (e.g., Sequence Analysis Software Package of the Genetics Computer Group, 
University of Wisconsin Biotechnology Center, 1710 University Avenue, Madison, WI 
53705). Such software matches similar sequences by assigning degrees of homology to 

10 various deletions, substitutions and other modifications. The terms "homology" and 
"identity" in the context of two or more nucleic acids or polypeptide sequences, refer to 
two or more sequences or subsequences that are the same or have a specified percentage 
of amino acid residues or nucleotides that are the same when compared and aligned for 
maximum correspondence over a comparison window or designated region as measured 

1 5 using any number of sequence comparison algorithms or by manual alignment and visual 
inspection. For sequence comparison, one sequence can act as a reference sequence, e.g., 
a sequence of the invention, to which test sequences are compared. When using a 
sequence comparison algorithm, test and reference sequences are entered into a computer, 
subsequence coordinates are designated, if necessary, and sequence algorithm program 
20 parameters are designated. Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison algorithm then calculates the 
percent sequence identities for the test sequences relative to the reference sequence, based 
on the program parameters. 

A "comparison window", as used herein, includes reference to a segment 
25 of any one of the numbers of contiguous residues. For example, in alternative aspects of 
the invention, contiguous residues ranging anywhere from 20 to the full length of an 
exemplary polypeptide or nucleic acid sequence of the invention are compared to a 
reference sequence of the same number of contiguous positions after the two sequences 
are optimally aligned. If the reference sequence has the requisite sequence identity to an 
30 exemplary polypeptide or nucleic acid sequence of the invention, e.g., 50%, 51%, 52%, 
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
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98%, 99%, or more sequence identity to a sequence of the invention, that sequence is 
within the scope of the invention. In alternative embodiments, subsequences ranging 
from about 20 to 600, about 50 to 200, and about 1 00 to 1 50 are compared to a reference 
sequence of the same number of contiguous positions after the two sequences are 

5 optimally aligned. 

Methods of alignment of sequence for comparison are well known in the 
art. In alternative aspects, optimal alignment of sequences for comparison can be 
conducted, e.g., by the local homology algorithm of Smith & Waterman, Adv. Appl. 
Math. 2:482, 1981, by the homology alignment algorithm of Needleman & Wunsch, J. 

10 Mol. Biol. 48:443, 1970, by the search for similarity method of person & Lipman, Proc. 
Natl. Acad. Sci. USA 85:2444, 1988, by computerized implementations of these 
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual 
alignment and visual inspection. Other algorithms for determining homology or identity 

15 include, for example, in addition to a BLAST program (Basic Local Alignment Search 
Tool at the National Center for Biological Information), ALIGN, AMAS (Analysis of 
Multiply Aligned Sequences), AMPS (Protein Multiple Sequence Alignment), ASSET 
(Aligned Segment Statistical Evaluation Tool), BANDS, BESTSCOR, BIOSCAN 
(Biological Sequence Comparative Analysis Node), BLIMPS (BLocks IMProved 

20 Searcher), FASTA, Intervals & Points, BMB, CLUSTAL V, CLUSTAL W, 
CONSENSUS, LCONSENSUS, WCONSENSUS, Smith- Waterman algorithm, 
DARWIN, Las Vegas algorithm, FNAT (Forced Nucleotide Alignment Tool), 
Framealign, Framesearch, DYNAMIC, FILTER, FSAP (Fristensky Sequence Analysis 
Package), GAP (Global Alignment Program), GENAL, GIBBS, GenQuest, ISSC 

25 (Sensitive Sequence Comparison), LALIGN (Local Sequence Alignment), LCP (Local 
Content Program), MACAW (Multiple Alignment Construction & Analysis Workbench), 
MAP (Multiple Alignment Program), MBLKP, MBLKN, PIMA (Pattern-Induced Multi- 
sequence Alignment), SAGA (Sequence Alignment by Genetic Algorithm) and WHAT- 
IF. Such alignment programs can also be used to screen genome databases to identify 

30 polynucleotide sequences having substantially identical sequences. A number of genome 
databases are available, for example, a substantial portion of the human genome is 
available as part of the Human Genome Sequencing Project (Gibbs, 1995). Several 
genomes have been sequenced, e.g., M. genitalium (Fraser et al., 1995), MJannaschii 
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(Bult et al., 1996), H. influenzae (Fleischmann et ah, 1995), E. coli (Blattner et al., 1997), 
and yeast (5. cerevisiae) (Mewes et al., 1997), and D. melanogaster (Adams et al., 2000). 
Significant progress has also been made in sequencing the genomes of model organism, 
such as mouse, C elegans, and Arabadopsis sp. Databases containing genomic 
information annotated with some functional information are maintained by different 
organization, and are accessible via the internet. 

BLAST, BLAST 2.0 and BLAST 2.2.2 algorithms also can be used to 
practice the invention. They are described, e.g., in Altschul (1977) Nuc. Acids Res. 
25:3389-3402; Altschul (1990) J. Moi. Biol. 215:403-410. Software for performing 
BLAST analyses is publicly available through the National Center for Biotechnology 
Information. This algorithm involves first identifying high scoring sequence pairs (HSPs) 
by identifying short words of length W in the query sequence, which either match or 
satisfy some positive- valued threshold score T when aligned with a word of the same 
length in a database sequence. T is referred to as the neighborhood word score threshold 
(Altschul (1990) supra). These initial neighborhood word hits act as seeds for initiating 
searches to find longer HSPs containing them. The word hits are extended in both 
directions along each sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucleotide sequences, the 
parameters M (reward score for a pair of matching residues; always >0). For amino acid 
sequences, a scoring matrix is used to calculate the cumulative score. Extension of the 
word hits in each direction are halted when: the cumulative alignment score falls off by 
the quantity X from its maximum achieved value; the cumulative score goes to zero or 
below, due to the accumulation of one or more negative-scoring residue alignments; or 
the end of either sequence is reached. The BLAST algorithm parameters W, T, and X 
determine the sensitivity and speed of the alignment. The BLASTN program (for 
nucleotide sequences) uses as defaults a wordlength (W) of 1 1, an expectation (E) of 10, 
M=5, N— 4 and a comparison of both strands. For amino acid sequences, the BLASTP 
program uses as defaults a wordlength of 3, and expectations (E) of 10, and the 
BLOSUM62 scoring matrix (see Henikoff & Henikoff (1989) Proc. Natl. Acad. Sci. USA 
89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N= -4, and a comparison of 
both strands. The BLAST algorithm also performs a statistical analysis of the similarity 
between two sequences (see, e.g., Karlin & Altschul (1993) Proc. Natl. Acad. Sci. USA 
90:5873). One measure of similarity provided by BLAST algorithm is the smallest sum 
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probability (P(N)), which provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would occur by chance. For example, a 
nucleic acid is considered similar to a references sequence if the smallest sum probability 
in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.2, 
5 more preferably less than about 0.01 , and most preferably less than about 0.001 . In one 
aspect, protein and nucleic acid sequence homologies are evaluated using the Basic Local 
Alignment Search Tool ("BLAST"). For example, five specific BLAST programs can be 
used to perform the following task: (1) BLASTP and BLAST3 compare an amino acid 
query sequence against a protein sequence database; (2) BLASTN compares a nucleotide 

10 query sequence against a nucleotide sequence database; (3) BLASTX compares the six- 
frame conceptual translation products of a query nucleotide sequence (both strands) 
against a protein sequence database; (4) TBLASTN compares a query protein sequence 
against a nucleotide sequence database translated in all six reading frames (both strands); 
and, (5) TBLASTX compares the six-frame translations of a nucleotide query sequence 

15 against the six-frame translations of a nucleotide sequence database. The BLAST 
programs identify homologous sequences by identifying similar segments, which are 
referred to herein as "high-scoring segment pairs," between a query amino or nucleic acid 
sequence and a test sequence which is preferably obtained from a protein or nucleic acid 
sequence database. High-scoring segment pairs are preferably identified (i.e., aligned) by 

20 means of a scoring matrix, many of which are known in the art. Preferably, the scoring 
matrix used is the BLOSUM62 matrix (Gonnet et al., Science 256:1443-1445, 1992; 
Henikoff and Henikoff, Proteins 17:49-61, 1993). Less preferably, the PAM or PAM250 
matrices may also be used (see, e.g., Schwartz and Dayhoff, eds., 1978, Matrices for 
Detecting Distance Relationships: Atlas of Protein Sequence and Structure, Washington: 

25 National Biomedical Research Foundation). 

In one aspect of the invention, to determine if a nucleic acid has the 
requisite sequence identity to be within the scope of the invention, the NCBI BLAST 
2.2.2 programs is used, default options to blastp. There are about 38 setting options in the 
BLAST 2.2.2 program. In this exemplary aspect of the invention, all default values are 

30 used except for the default filtering setting (i.e., all parameters set to default except 

filtering which is set to OFF); in its place a ' -F F" setting is used, which disables filtering. 
Use of default filtering often results in Karlin-Altschul violations due to short length of 
sequence. 
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The default values used in this exemplary aspect of the invention, and to 
determine the values in Figure 35, as discussed above, include: 
"Filter for low complexity: ON 
Word Size: 3 
Matrix: Blosum62 
Gap Costs: Existence:! 1 
Extension: 1 " 

Other default settings can be: filter for low complexity OFF, word size of 3 
for protein, BLOSUM62 matrix, gap existence penalty of -1 1 and a gap extension penalty 
of -1. An exemplary NCBI BLAST 2.2.2 program setting has the "-W" option default to 
0. This means that, if not set, the word size defaults to 3 for proteins and 1 1 for 
nucleotides. 

Computer systems and computer program products 

To determine and identify sequence identities, structural homologies, 
motifs and the like in silico, the sequence of the invention can be stored, recorded, and 
manipulated on any medium which can be read and accessed by a computer. 
Accordingly, the invention provides computers, computer systems, computer readable 
mediums, computer programs products and the like recorded or stored thereon the nucleic 
acid and polypeptide sequences of the invention. As used herein, the words "recorded" 
and "stored" refer to a process for storing information on a computer medium. A skilled 
artisan can readily adopt any known methods for recording information on a computer 
readable medium to generate manufactures comprising one or more of the nucleic acid 
and/or polypeptide sequences of the invention. 

Another aspect of the invention is a computer readable medium having 
recorded thereon at least one nucleic acid and/or polypeptide sequence of the invention. 
Computer readable media include magnetically readable media, optically readable media, 
electronically readable media and magnetic/optical media. For example, the computer 
readable media may be a hard disk, a floppy disk, a magnetic tape, CD-ROM, Digital 
Versatile Disk (DVD), Random Access Memory (RAM), or Read Only Memory (ROM) 
as well as other types of other media known to those skilled in the art. 

Aspects of the invention include systems (e.g., internet based systems), 
particularly computer systems, which store and manipulate the sequences and sequence 
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information described herein. One example of a computer system 100 is illustrated in 
block diagram form in Figure 1 . As used herein, "a computer system" refers to the 
hardware components, software components, and data storage components used to 
analyze a nucleotide or polypeptide sequence of the invention. The computer system 100 
5 can include a processor for processing, accessing and manipulating the sequence data. 
The processor 105 can be any well-known type of central processing unit, such as, for 
example, the Pentium III from Intel Corporation, or similar processor from Sun, 
Motorola, Compaq, AMD or International Business Machines. The computer system 1 00 
is a general purpose system that comprises the processor 105 and one or more internal 

10 data storage components 1 1 0 for storing data, and one or more data retrieving devices for 
retrieving the data stored on the data storage components. A skilled artisan can readily 
appreciate that any one of the currently available computer systems are suitable. 

In one aspect, the computer system 100 includes a processor 105 
connected to a bus which is connected to a main memory 115 (preferably implemented as 

15 RAM) and one or more internal data storage devices 110, such as a hard drive and/or 
other computer readable media having data recorded thereon. The computer system 100 
can further include one or more data retrieving device 1 1 8 for reading the data stored on 
the internal data storage devices 1 10. The data retrieving device 1 1 8 may represent, for 
example, a floppy disk drive, a compact disk drive, a magnetic tape drive, or a modem 

20 capable of connection to a remote data storage system (e.g., via the internet) etc. In some 
embodiments, the internal data storage device 1 10 is a removable computer readable 
medium such as a floppy disk, a compact disk, a magnetic tape, etc. containing control 
logic and/or data recorded thereon. The computer system 1 00 may advantageously 
include or be programmed by appropriate software for reading the control logic and/or the 

25 data from the data storage component once inserted in the data retrieving device. The 
computer system 100 includes a display 120 which is used to display output to a 
computer user. It should also be noted that the computer system 100 can be linked to 
other computer systems 125a-c in a network or wide area network to provide centralized 
access to the computer system 100. Software for accessing and processing the nucleotide 

30 or amino acid sequences of the invention can reside in main memory 115 during 

execution. In some aspects, the computer system 1 00 may further comprise a sequence 
comparison algorithm for comparing a nucleic acid sequence of the invention. The 
algorithm and sequence(s) can be stored on a computer readable medium. A "sequence 
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comparison algorithm" refers to one or more programs which are implemented (locally or 
remotely) on the computer system 100 to compare a nucleotide sequence with other 
nucleotide sequences and/or compounds stored within a data storage means. For 
example, the sequence comparison algorithm may compare the nucleotide sequences of 
5 the invention stored on a computer readable medium to reference sequences stored on a 
computer readable medium to identify homologies or structural motifs. 

The parameters used with the above algorithms may be adapted depending 
on the sequence length and degree of homology studied. In some aspects, the parameters 
may be the default parameters used by the algorithms in the absence of instructions from 

10 the user. Figure 2 is a flow diagram illustrating one aspect of a process 200 for 

comparing a new nucleotide or protein sequence with a database of sequences in order to 
determine the homology levels between the new sequence and the sequences in the 
database. The database of sequences can be a private database stored within the 
computer system 100, or a public database such as GENBANK that is available through 

15 the Internet. The process 200 begins at a start state 201 and then moves to a state 202 
wherein the new sequence to be compared is stored to a memory in a computer system 
100. As discussed above, the memory could be any type of memory, including RAM or 
an internal storage device. The process 200 then moves to a state 204 wherein a database 
of sequences is opened for analysis and comparison. The process 200 then moves to a 

20 state 206 wherein the first sequence stored in the database is read into a memory on the 
computer. A comparison is then performed at a state 210 to determine if the first 
sequence is the same as the second sequence. It is important to note that this step is not 
limited to performing an exact comparison between the new sequence and the first 
sequence in the database. Well-known methods are known to those of skill in the art for 

25 comparing two nucleotide or protein sequences, even if they are not identical. For 

example, gaps can be introduced into one sequence in order to raise the homology level 
between the two tested sequences. The parameters that control whether gaps or other 
features are introduced into a sequence during comparison are normally entered by the 
user of the computer system. Once a comparison of the two sequences has been 

30 performed at the state 210, a determination is made at a decision state 210 whether the 
two sequences are the same. Of course, the term "same" is not limited to sequences that 
are absolutely identical. Sequences that are within the homology parameters entered by 
the user will be marked as "same" in the process 200. If a determination is made that the 
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two sequences are the same, the process 200 moves to a state 214 wherein the name of the 
sequence from the database is displayed to the user. This state notifies the user that the 
sequence with the displayed name fulfills the homology constraints that were entered. 
Once the name of the stored sequence is displayed to the user, the process 200 moves to a 
5 decision state 218 wherein a determination is made whether more sequences exist in the 
database. If no more sequences exist in the database, then the process 200 terminates at 
an end state 220. However, if more sequences do exist in the database, then the process 
200 moves to a state 224 wherein a pointer is moved to the next sequence in the database 
so that it can be compared to the new sequence. In this manner, the new sequence is 

10 aligned and compared with every sequence in the database. It should be noted that if a 
determination had been made at the decision state 212 that the sequences were not 
homologous, then the process 200 would move immediately to the decision state 21 8 in 
order to determine if any other sequences were available in the database for comparison. 
Accordingly, one aspect of the invention is a computer system comprising a processor, a 

15 data storage device having stored thereon a nucleic acid sequence of the invention and a 
sequence comparer for conducting the comparison. The sequence comparer may indicate 
a homology level between the sequences compared or identify structural motifs, or it may 
identify structural motifs in sequences which are compared to these nucleic acid codes 
and polypeptide codes. Figure 3 is a flow diagram illustrating one embodiment of a 

20 process 250 in a computer for determining whether two sequences are homologous. The 
process 250 begins at a start state 252 and then moves to a state 254 wherein a first 
sequence to be compared is stored to a memory. The second sequence to be compared is 
then stored to a memory at a state 256. The process 250 then moves to a state 260 
wherein the first character in the first sequence is read and then to a state 262 wherein the 

25 first character of the second sequence is read. It should be understood that if the sequence 
is a nucleotide sequence, then the character would normally be either A, T, C, G or U. If 
the sequence is a protein sequence, then it can be a single letter amino acid code so that 
the first and sequence sequences can be easily compared. A determination is then made 
at a decision state 264 whether the two characters are the same. If they are the same, then 

30 the process 250 moves to a state 268 wherein the next characters in the first and second 
sequences are read. A determination is then made whether the next characters are the 
same. If they are, then the process 250 continues this loop until two characters are not the 
same. If a determination is made that the next two characters are not the same, the 
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process 250 moves to a decision state 274 to determine whether there are any more 
characters either sequence to read. If there are not any more characters to read, then the 
process 250 moves to a state 276 wherein the level of homology between the first and 
second sequences is displayed to the user. The level of homology is determined by 
5 calculating the proportion of characters between the sequences that were the same out of 
the total number of sequences in the first sequence. Thus, if every character in a first 100 
nucleotide sequence aligned with an every character in a second sequence, the homology 
level would be 100%. 

Alternatively, the computer program can compare a reference sequence to 

10 a sequence of the invention to determine whether the sequences differ at one or more 
positions. The program can record the length and identity of inserted, deleted or 
substituted nucleotides or amino acid residues with respect to the sequence of either the 
reference or the invention. The computer program may be a program which determines 
whether a reference sequence contains a single nucleotide polymorphism (SNP) with 

15 respect to a sequence of the invention, or, whether a sequence of the invention comprises 
a SNP of a known sequence. Thus, in some aspects, the computer program is a program 
which identifies SNPs. The method may be implemented by the computer systems 
described above and the method illustrated in Figure 3. The method can be performed by 
reading a sequence of the invention and the reference sequences through the use of the 

20 computer program and identifying differences with the computer program. 

In other aspects the computer based system comprises an identifier for 
identifying features within a nucleic acid or polypeptide of the invention. An "identifier" 
refers to one or more programs which identifies certain features within a nucleic acid 
sequence. For example, an identifier may comprise a program which identifies an open 

25 reading frame (ORF) in a nucleic acid sequence. Figure 4 is a flow diagram illustrating 
one aspect of an identifier process 300 for detecting the presence of a feature in a 
sequence. The process 300 begins at a start state 302 and then moves to a state 304 
wherein a first sequence that is to be checked for features is stored to a memory 1 1 5 in the 
computer system 100. The process 300 then moves to a state 306 wherein a database of 

30 sequence features is opened. Such a database would include a list of each feature's 
attributes along with the name of the feature. For example, a feature name could be 
"Initiation Codon" and the attribute would be "ATG". Another example would be the 
feature name "TAATAA Box" and the feature attribute would be "TAATAA". An 
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example of such a database is produced by the University of Wisconsin Genetics 
Computer Group. Alternatively, the features may be structural polypeptide motifs such as 
alpha helices, beta sheets, or functional polypeptide motifs such as enzymatic active sites, 
helix-turn-helix motifs or other motifs known to those skilled in the art. Once the 
5 database of features is opened at the state 306, the process 300 moves to a state 308 
wherein the first feature is read from the database. A comparison of the attribute of the 
first feature with the first sequence is then made at a state 310. A determination is then 
made at a decision state 316 whether the attribute of the feature was found in the first 
sequence. If the attribute was found, then the process 300 moves to a state 318 wherein 

10 the name of the found feature is displayed to the user. The process 300 then moves to a 
decision state 320 wherein a determination is made whether move features exist in the 
database. If no more features do exist, then the process 300 terminates at an end state 
324. However, if more features do exist in the database, then the process 300 reads the 
next sequence feature at a state 326 and loops back to the state 310 wherein the attribute 

15 of the next feature is compared against the first sequence. If the feature attribute is not 
found in the first sequence at the decision state 316, the process 300 moves directly to the 
decision state 320 in order to determine if any more features exist in the database. Thus, 
in one aspect, the invention provides a computer program that identifies open reading 
frames (ORFs). 

20 A polypeptide or nucleic acid sequence of the invention can be stored and 

manipulated in a variety of data processor programs in a variety of formats. For example, 
a sequence can be stored as text in a word processing file, such as MicrosoftWORD or 
WORDPERFECT or as an ASCII file in a variety of database programs familiar to those 
of skill in the art, such as DB2, SYBASE, or ORACLE. In addition, many computer 

25 programs and databases may be used as sequence comparison algorithms, identifiers, or 
sources of reference nucleotide sequences or polypeptide sequences to be compared to a 
nucleic acid sequence of the invention. The programs and databases used to practice the 
invention include, but are not limited to: MacPattern (EMBL), DiscoveryBase (Molecular 
Applications Group), GeneMine (Molecular Applications Group), Look (Molecular 

30 Applications Group), MacLook (Molecular Applications Group), BLAST and BLAST2 
(NCBI), BLASTN and BLASTX (Altschul et al, J. Mol. Biol. 215: 403, 1990), FASTA 
(Pearson and Lipman, Proc. Natl. Acad. Sci. USA, 85: 2444, 1988), FASTDB (Brutlag et 
al. Comp. App. Biosci. 6:237-245, 1990), Catalyst (Molecular Simulations Inc.), 
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Catalyst/SHAPE (Molecular Simulations Inc.), Cerius2.DBAccess (Molecular 
Simulations Inc.), HypoGen (Molecular Simulations Inc.), Insight II, (Molecular 
Simulations Inc.), Discover (Molecular Simulations Inc.), CHARMm (Molecular 
Simulations Inc.), Felix (Molecular Simulations Inc.), Delphi, (Molecular Simulations 
5 Inc.), QuanteMM, (Molecular Simulations Inc.), Homology (Molecular Simulations Inc.), 
Modeler (Molecular Simulations Inc.), ISIS (Molecular Simulations Inc.), Quanta/Protein 
Design (Molecular Simulations Inc.), WebLab (Molecular Simulations Inc.), WebLab 
Diversity Explorer (Molecular Simulations Inc.), Gene Explorer (Molecular Simulations 
Inc.), SeqFold (Molecular Simulations Inc.), the MDL Available Chemicals Directory 

♦ » 

10 database, the MDL Drug Data Report data base, the Comprehensive Medicinal Chemistry 
database, Derwent's World Drug Index database, the BioByteMasterFile database, the 
Genbank database, and the Genseqn database. Many other programs and data bases 
would be apparent to one of skill in the art given the present disclosure. 

Motifs which may be detected using the above programs include 

15 sequences encoding leucine zippers, helix-turn-helix motifs, glycosylation sites, 
ubiquitination sites, alpha helices, and beta sheets, signal sequences encoding signal 
peptides which direct the secretion of the encoded proteins, sequences implicated in 
transcription regulation such as homeoboxes, acidic stretches, enzymatic active sites, 
substrate binding sites, and enzymatic cleavage sites. 

* 

20 Hybridization of nucleic acids 

The invention provides isolated or recombinant nucleic acids that 
hybridize under stringent conditions to an exemplary sequence of the invention, or a 
nucleic acid that encodes a polypeptide of the invention. The stringent conditions can be 
highly stringent conditions, medium stringent conditions, low stringent conditions, 

25 including the high and reduced stringency conditions described herein. In one aspect, it is 
the stringency of the wash conditions that set forth the conditions which determine 
whether a nucleic acid is within the scope of the invention, as discussed below. 

In alternative embodiments, nucleic acids of the invention as defined by 
their ability to hybridize under stringent conditions can be between about five residues 

30 and the full length of nucleic acid of the invention; e.g., they can be at least 5, 10, 15, 20, 
25, 30, 35, 40, 50, 55, 60, 65, 70, 75, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 
550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, or more, residues in length. Nucleic 
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acids shorter than full length are also included. These nucleic acids can be useful as, e.g., 
hybridization probes, labeling probes, PCR oligonucleotide probes, iRNA, antisense or 
sequences encoding antibody binding peptides (epitopes), motifs, active sites and the like. 

In one aspect, nucleic acids of the invention are defined by their ability to 

5 hybridize under high stringency comprises conditions of about 50% formamide at about 
37°C to 42°C. In one aspect, nucleic acids of the invention are defined by their ability to 
hybridize under reduced stringency comprising conditions in about 35% to 25% 
formamide at about 30°C to 35°C. 

Alternatively, nucleic acids of the invention are defined by their ability to 

10 hybridize under high stringency comprising conditions at 42°C in 50% formamide, 5X 
SSPE, 0.3% SDS, and a repetitive sequence blocking nucleic acid, such as cot-1 or 
salmon sperm DNA (e.g., 200 n/ml sheared and denatured salmon sperm DNA). In one 
aspect, nucleic acids of the invention are defined by their ability to hybridize under 
reduced stringency conditions comprising 35% formamide at a reduced temperature of 

15 35°C. 

Following hybridization, the filter may be washed with 6X SSC, 0.5% 
SDS at 50°C. These conditions are considered to be "moderate" conditions above 25% 
formamide and "low" conditions below 25% formamide. A specific example of 
"moderate" hybridization conditions is when the above hybridization is conducted at 30% 

20 formamide. A specific example of "low stringency" hybridization conditions is when the 
above hybridization is conducted at 10% formamide. 

The temperature range corresponding to a particular level of stringency 
can be further narrowed by calculating the purine to pyrimidine ratio of the nucleic acid 
of interest and adjusting the temperature accordingly. Nucleic acids of the invention are 

25 also defined by their ability to hybridize under high, medium, and low stringency 
conditions as set forth in Ausubel and Sambrook. Variations on the above ranges and 
conditions are well known in the art. Hybridization conditions are discussed further, 
below. 

The above procedure may be modified to identify nucleic acids having 
30 decreasing levels of homology to the probe sequence. For example, to obtain nucleic 
acids of decreasing homology to the detectable probe, less stringent conditions may be 
used. For example, the hybridization temperature may be decreased in increments of 5°C 
from 68°C to 42°C in a hybridization buffer having a Na + concentration of approximately 
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1M. Following hybridization, the filter may be washed with 2X SSC, 0.5% SDS at the 
temperature of hybridization. These conditions are considered to be "moderate" 
conditions above 50°C and "low" conditions below 50°C. A specific example of 
"moderate" hybridization conditions is when the above hybridization is conducted at 
5 55°C. A specific example of "low stringency" hybridization conditions is when the above 
hybridization is conducted at 45°C. 

Alternatively, the hybridization may be carried out in buffers, such as 6X 
SSC, containing formamide at a temperature of 42°C. In this case, the concentration of 
formamide in the hybridization buffer may be reduced in 5% increments from 50% to 0% 

10 to identify clones having decreasing levels of homology to the probe. Following 
hybridization, the filter may be washed with 6X SSC, 0.5% SDS at 50°C. These 
conditions are considered to be "moderate" conditions above 25% formamide and "low" 
conditions below 25% formamide. A specific example of "moderate" hybridization 
conditions is when the above hybridization is conducted at 30% formamide. A specific 

15 example of "low stringency" hybridization conditions is when the above hybridization is 
conducted at 1 0% formamide. 

However, the selection of a hybridization format is not critical - it is the 
stringency of the wash conditions that set forth the conditions which determine whether a 
nucleic acid is within the scope of the invention. Wash conditions used to identify 

20 nucleic acids within the scope of the invention include, e.g.: a salt concentration of about 
0.02 molar at pH 7 and a temperature of at least about 50°C or about 55°C to about 60°C; 
or, a salt concentration of about 0.15 M NaCl at 72°C for about 15 minutes; or, a salt 
concentration of about 0.2X SSC at a temperature of at least about 50°C or about 55°C to 
about 60°C for about 15 to about 20 minutes; or, the hybridization complex is washed 

25 twice with a solution with a salt concentration of about 2X SSC containing 0.1% SDS at 

* 

room temperature for 15 minutes and then washed twice by 0.1 X SSC containing 0.1% 
SDS at 68°C for 15 minutes; or, equivalent conditions. See Sambrook, Tijssen and 
Ausubel for a description of SSC buffer and equivalent conditions. 

These methods may be used to isolate nucleic acids of the invention. 

30 
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Oligonucleotides probes and methods for using them 

The invention also provides nucleic acid probes that can be used, e.g., for 
identifying nucleic acids encoding a polypeptide with an amylase activity or fragments 
thereof or for identifying amylase genes. In one aspect, the probe comprises at least 1 0 

5 consecutive bases of a nucleic acid of the invention. Alternatively, a probe of the 

invention can be at least about 5, 6, 7, 8, 9, 10, 1 5, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 
90, 100, 1 10, 120, 130, 150 or about 10 to 50, about 20 to 60 about 30 to 70, consecutive 
bases of a sequence as set forth in a nucleic acid of the invention. The probes identify a 
nucleic acid by binding and/or hybridization. The probes can be used in arrays of the 

10 invention, see discussion below, including, e.g., capillary arrays. The probes of the 
invention can also be used to isolate other nucleic acids or polypeptides. 

The probes of the invention can be used to determine whether a biological 
sample, such as a soil sample, contains an organism having a nucleic acid sequence of the 
invention or an organism from which the nucleic acid was obtained. In such procedures, 

15 a biological sample potentially harboring the organism from which the nucleic acid was 
isolated is obtained and nucleic acids are obtained from the sample. The nucleic acids are 
contacted with the probe under conditions which permit the probe to specifically 
hybridize to any complementary sequences present in the sample. Where necessary, 
conditions which permit the probe to specifically hybridize to complementary sequences 

20 may be determined by placing the probe in contact with complementary sequences from 
samples known to contain the complementary sequence, as well as control sequences 
which do not contain the complementary sequence. Hybridization conditions, such as the 
salt concentration of the hybridization buffer, the formamide concentration of the 
hybridization buffer, or the hybridization temperature, may be varied to identify 

25 conditions which allow the probe to hybridize specifically to complementary nucleic 
acids (see discussion on specific hybridization conditions). 

If the sample contains the organism from which the nucleic acid was 
isolated, specific hybridization of the probe is then detected. Hybridization may be 
detected by labeling the probe with a detectable agent such as a radioactive isotope, a 

30 fluorescent dye or an enzyme capable of catalyzing the formation of a detectable product. 
Many methods for using the labeled probes to detect the presence of complementary 
nucleic acids in a sample are familiar to those skilled in the art. These include Southern 
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Blots, Northern Blots, colony hybridization procedures, and dot blots. Protocols for each 
of these procedures are provided in Ausubel and Sambrook. 

Alternatively, more than one probe (at least one of which is capable of 
specifically hybridizing to any complementary sequences which are present in the nucleic 
5 acid sample), may be used in an amplification reaction to determine whether the sample 
contains an organism containing a nucleic acid sequence of the invention (e.g., an 
organism from which the nucleic acid was isolated). In one aspect, the probes comprise 
oligonucleotides. In one aspect, the amplification reaction may comprise a PCR reaction. 
PCR protocols are described in Ausubel and Sambrook (see discussion on amplification 
10 reactions). In such procedures, the nucleic acids in the sample are contacted with the 

probes, the amplification reaction is performed, and any resulting amplification product is 
detected. The amplification product may be detected by performing gel electrophoresis 
on the reaction products and staining the gel with an intercalator such as ethidium 
bromide. Alternatively, one or more of the probes may be labeled with a radioactive 
15 isotope and the presence of a radioactive amplification product may be detected by 
autoradiography after gel electrophoresis. 

Probes derived from sequences near the 3' or 5' ends of a nucleic acid 
sequence of the invention can also be used in chromosome walking procedures to identify 
clones containing additional, e.g., genomic sequences. Such methods allow the isolation 
20 of genes which encode additional proteins of interest from the host organism. 

In one aspect, nucleic acid sequences of the invention are used as probes to 
identify and isolate related nucleic acids. In some aspects, the so-identified related 
nucleic acids may be cDNAs or genomic DNAs from organisms other than the one from 
which the nucleic acid of the invention was first isolated. In such procedures, a nucleic 
25 acid sample is contacted with the probe under conditions which permit the probe to 
specifically hybridize to related sequences. Hybridization of the probe to nucleic acids 

from the related organism is then detected using any of the methods described above. 

«. * 

In nucleic acid hybridization reactions, the conditions used to achieve a 
particular level of stringency can vary, depending on the nature of the nucleic acids being 
30 hybridized. For example, the length, degree of complementarity, nucleotide sequence 
composition (e.g., GC v. AT content), and nucleic acid type (e.g., RNA v. DNA) of the 
hybridizing regions of the nucleic acids can be considered in selecting hybridization 
conditions. An additional consideration is whether one of the nucleic acids is 
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immobilized, for example, on a filter. Hybridization can be carried out under conditions 
of low stringency, moderate stringency or high stringency. As an example of nucleic acid 
hybridization, a polymer membrane containing immobilized denatured nucleic acids is 
first prehybridized for 30 minutes at 45°C in a solution consisting of 0.9 M NaCl, 50 mM 
5 NaH 2 P04, pH 7.0, 5.0 mM Na 2 EDTA, 0.5% SDS, 10X Denhardfs, and 0.5 mg/ml 

7 ft 

polyriboadenylic acid. Approximately 2X10 cpm (specific activity 4-9 X 10 cpm/ug) 
of 32 P end-labeled oligonucleotide probe can then added to the solution. After 12-16 
hours of incubation, the membrane is washed for 30 minutes at room temperature (RT) in 
IX SET (150 mM NaCl, 20 mM Tris hydrochloride, pH 7.8, 1 mM Na 2 EDTA) containing 

10 0.5% SDS, followed by a 30 minute wash in fresh IX SET at Tm-10°C for the 

oligonucleotide probe. The membrane is then exposed to autoradiographic film for 
detection of hybridization signals. 

By varying the stringency of the hybridization conditions used to identify 
nucleic acids, such as cDNAs or genomic DNAs, which hybridize to the detectable probe, 

15 nucleic acids having different levels of homology to the probe can be identified and 
isolated. Stringency may be varied by conducting the hybridization at varying 
temperatures below the melting temperatures of the probes. The melting temperature, 
Tm, is the temperature (under defined ionic strength and pH) at which 50% of the target 
sequence hybridizes to a perfectly complementary probe. Very stringent conditions are 

20 selected to be equal to or about 5°C lower than the Tm for a particular probe. The 
melting temperature of the probe may be calculated using the following exemplary 
formulas. For probes between 14 and 70 nucleotides in length the melting temperature 
(Tm) is calculated using the formula: Tm=81 .5+16.6(log [Na+])+0.41 (fraction G+Q- 
(600/N) where N is the length of the probe. If the hybridization is carried out in a 

25 solution containing formamide, the melting temperature may be calculated using the 
equation: Tm=81.5+16.6(log [Na+])+0.41 (fraction G+C)-(0.63% formamide)-(600/N) 
where N is the length of the probe. Prehybridization may be carried out in 6X SSC, 5X 
Denhardfs reagent, 0.5% SDS, 100|ig denatured fragmented salmon sperm DNA or 6X 
SSC, 5X Denhardfs reagent, 0.5% SDS, 100^g denatured fragmented salmon sperm 

30 DNA, 50% formamide. Formulas for SSC and Denhardfs and other solutions are listed, 
e.g., in Sambrook. 

Hybridization is conducted by adding the detectable probe to the 
prehybridization solutions listed above. Where the probe comprises double stranded 
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DNA, it is denatured before addition to the hybridization solution. The filter is contacted 
with the hybridization solution for a sufficient period of time to allow the probe to 
hybridize to cDNAs or genomic DNAs containing sequences complementary thereto or 
homologous thereto. For probes over 200 nucleotides in length, the hybridization may be 
5 carried out at 1 5-25°C below the Tm. For shorter probes, such as oligonucleotide probes, 
the hybridization may be conducted at 5-1 0°C below the Tm. In one aspect, 
hybridizations in 6X SSC are conducted at approximately 68°C. In one aspect, 
hybridizations in 50% formamide containing solutions are conducted at approximately 
42°C. All of the foregoing hybridizations would be considered to be under conditions of 

10 high stringency. 

Following hybridization, the filter is washed to remove any non- 
specifically bound detectable probe. The stringency used to wash the filters can also be 
varied depending on the nature of the nucleic acids being hybridized, the length of the 
nucleic acids being hybridized, the degree of complementarity, the nucleotide sequence 

15 composition (e.g., GC v. AT content), and the nucleic acid type (e.g., RNA v. DNA). 
Examples of progressively higher stringency condition washes are as follows: 2X SSC, 
0.1% SDS at room temperature for 1 5 minutes (low stringency); 0.1X SSC, 0.5% SDS at 
room temperature for 30 minutes to 1 hour (moderate stringency); 0.1X SSC, 0.5% SDS 
for 15 to 30 minutes at between the hybridization temperature and 68°C (high 

20 stringency); and 0.1 5M NaCl for 15 minutes at 72°C (very high stringency). A final low 
stringency wash can be conducted in 0.1 X SSC at room temperature. The examples 
above are merely illustrative of one set of conditions that can be used to wash filters. One 
of skill in the art would know that there are numerous recipes for different stringency 
washes. 

25 Nucleic acids which have hybridized to the probe can be identified by 

autoradiography or other conventional techniques. The above procedure may be modified 
to identify nucleic acids having decreasing levels of homology to the probe sequence. 
For example, to obtain nucleic acids of decreasing homology to the detectable probe, less 
stringent conditions may be used. For example, the hybridization temperature may be 

30 decreased in increments of 5°C from 68°C to 42°C in a hybridization buffer having a Na+ 
concentration of approximately 1M. Following hybridization, the filter may be washed 
with 2X SSC, 0.5% SDS at the temperature of hybridization. These conditions are 
considered to be "moderate" conditions above 50°C and "low" conditions below 50°C. 
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An example of "moderate" hybridization conditions is when the above hybridization is 
conducted at 55°C. An example of "low stringency" hybridization conditions is when the 
above hybridization is conducted at 45°C. 

Alternatively, the hybridization may be carried out in buffers, such as 6X 
5 SSC, containing formamide at a temperature of 42°C. In this case, the concentration of 
formamide in the hybridization buffer may be reduced in 5% increments from 50% to 0% 
to identify clones having decreasing levels of homology to the probe. Following 
hybridization, the filter may be washed with 6X SSC, 0.5% SDS at 50°C. These 
conditions are considered to be "moderate" conditions above 25% formamide and "low" 

10 conditions below 25% formamide. A specific example of "moderate" hybridization 
conditions is when the above hybridization is conducted at 30% formamide. A specific 
example of "low stringency" hybridization conditions is when the above hybridization is 
conducted at 1 0% formamide. 

These probes and methods of the invention can be used to isolate nucleic 

15 acids having a sequence with at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity 
("homology") to a nucleic acid sequence of the invention comprising at least about 10, 

20 15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 250, 300, 350, 400, 500, 550, 600, 650, 700, 
750, 800, 850, 900, 950, 1000, or more consecutive bases thereof, and the sequences 
complementary thereto. Homology may be measured using an alignment algorithm, as 
discussed herein. For example, the homologous polynucleotides may have a coding 
sequence which is a naturally occurring allelic variant of one of the coding sequences 

25 described herein. Such allelic variants may have a substitution, deletion or addition of 
one or more nucleotides when compared to a nucleic acid of the invention. 

Additionally, the probes and methods of the invention can be used to 
isolate nucleic acids which encode polypeptides having at least about 50%, 51%, 52%, 
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 

30 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98% or 99%, sequence identity (homology) to a polypeptide of the invention comprising 
at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino acids, as 
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determined using a sequence alignment algorithm (e.g., such as the FASTA version 
3.0t78 algorithm with the default parameters, or a BLAST 2.2.2 program with exemplary 
settings as set forth herein). 

Inhibiting Expression of Amylase 

5 The invention provides nucleic acids complementary to (e.g., antisense 

sequences to) the nucleic acid sequences of the invention. Antisense sequences are 
capable of inhibiting the transport, splicing or transcription of amylase-encoding genes. 
The inhibition can be effected through the targeting of genomic DNA or messenger RNA. 
The transcription or function of targeted nucleic acid can be inhibited, for example, by 

10 hybridization and/or cleavage. One particularly useful set of inhibitors provided by the 
present invention includes oligonucleotides which are able to either bind amylase gene or 
message, in either case preventing or inhibiting the production or function of amylase. 
The association can be through sequence specific hybridization. Another useful class of 
inhibitors includes oligonucleotides which cause inactivation or cleavage of amylase 

15 message. The oligonucleotide can have enzyme activity which causes such cleavage, 
such as ribozymes. The oligonucleotide can be chemically modified or conjugated to an 
enzyme or composition capable of cleaving the complementary nucleic acid. A pool of 
many different such oligonucleotides can be screened for those with the desired activity. 

Antisense Oligonucleotides 

20 The invention provides antisense oligonucleotides capable of binding 

amylase message which can inhibit proteolytic activity by targeting mRNA. Strategies 
for designing antisense oligonucleotides are well described in the scientific and patent 
literature, and the skilled artisan can design such amylase oligonucleotides using the 
novel reagents of the invention. For example, gene walking/ RNA mapping protocols to 

25 screen for effective antisense oligonucleotides are well known in the art, see, e.g., Ho 
(2000) Methods Enzymol. 314:168-183, describing an RNA mapping assay, which is 
based on standard molecular techniques to provide an easy and reliable method for potent 
antisense sequence selection. See also Smith (2000) Eur. J. Pharm. Sci. 1 1:191-198. 

Naturally occurring nucleic acids are used as antisense oligonucleotides. 

30 The antisense oligonucleotides can be of any length; for example, in alternative aspects, 
the antisense oligonucleotides are between about 5 to 100, about 10 to 80, about 15 to 60, 
about 1 8 to 40. The optimal length can be determined by routine screening. The 
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antisense oligonucleotides can be present at any concentration. The optimal 
concentration can be determined by routine screening. A wide variety of synthetic, non- 
naturally occurring nucleotide and nucleic acid analogues are known which can address 
this potential problem. For example, peptide nucleic acids (PNAs) containing non-ionic 
backbones, such as N-(2-aminoethyl) glycine units can be used. Antisense 
oligonucleotides having phosphorothioate linkages can also be used, as described in WO 
97/0321 1; WO 96/39154; Mata (1997) Toxicol Appl Pharmacol 144:189-197; Antisense 
Therapeutics, ed. Agrawal (Humana Press, Totowa, N.J., 1996). Antisense 
oligonucleotides having synthetic DNA backbone analogues provided by the invention 
can also include phosphoro-dithioate, methylphosphonate, phosphoramidate, alkyl 
phosphotriester, sulfamate, 3'-thioacetal, methylene(methylimino), 3-N-carbamate, and 
morpholino carbamate nucleic acids, as described above. 

Combinatorial chemistry methodology can be used to create vast numbers 
of oligonucleotides that can be rapidly screened for specific oligonucleotides that have 
appropriate binding affinities and specificities toward any target, such as the sense and 
antisense amylase sequences of the invention (see, e.g., Gold (1995) J. of Biol. Chem. 
270:13581-13584). 

Inhibitory Ribozymes 

The invention provides ribozymes capable of binding amylase message. 
These ribozymes can inhibit amylase activity by, e.g., targeting mRNA. Strategies for 
designing ribozymes and selecting the amylase-specific antisense sequence for targeting 
are well described in the scientific and patent literature, and the skilled artisan can design 
such ribozymes using the novel reagents of the invention. Ribozymes act by binding to a 
target RNA through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA that cleaves the target RNA. Thus, the 
ribozyme recognizes and binds a target RNA through complementary base-pairing, and 
once bound to the correct site, acts enzymatically to cleave and inactivate the target RNA. 
Cleavage of a target RNA in such a manner will destroy its ability to direct synthesis of 
an encoded protein if the cleavage occurs in the coding sequence. After a ribozyme has 
bound and cleaved its RNA target, it can be released from that RNA to bind and cleave 
new targets repeatedly. 
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In some circumstances, the enzymatic nature of a ribozyme can be 
advantageous over other technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its transcription, translation or 
association with another molecule) as the effective concentration of ribozyme necessary 
5 to effect a therapeutic treatment can be lower than that of an antisense oligonucleotide. 
This potential advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RJMA. In addition, a 
ribozyme is typically a highly specific inhibitor, with the specificity of inhibition 
depending not only on the base pairing mechanism of binding, but also on the mechanism 

10 by which the molecule inhibits the expression of the RNA to which it binds. That is, the 
inhibition is caused by cleavage of the RNA target and so specificity is defined as the 
ratio of the rate of cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to those involved in 
base pairing. Thus, the specificity of action of a ribozyme can be greater than that of 

1 5 antisense oligonucleotide binding the same RNA site. 

The ribozyme of the invention, e.g., an enzymatic ribozyme RNA 
molecule, can be formed in a hammerhead motif, a hairpin motif, as a hepatitis delta virus 
motif, a group I intron motif and/or an RNaseP-like RNA in association with an RNA 
guide sequence. Examples of hammerhead motifs are described by, e.g., Rossi (1992) 

20 Aids Research and Human Retroviruses 8:183; hairpin motifs by Hampel (1 989) 

Biochemistry 28:4929, and Hampel (1990) Nuc. Acids Res. 18:299; the hepatitis delta 
virus motif by Perrotta (1992) Biochemistry 31:16; the RNaseP motif by Guerrier-Takada 
(1983) Cell 35:849; and the group I intron by Cech U.S. Pat. No. 4,987,071 . The 
recitation of these specific motifs is not intended to be limiting. Those skilled in the art 

25 will recognize that a ribozyme of the invention, e.g., an enzymatic RNA molecule of this 
invention, can have a specific substrate binding site complementary to one or more of the 
target gene RNA regions. A ribozyme of the invention can have a nucleotide sequence 
within or surrounding that substrate binding site which imparts an RNA cleaving activity 
to the molecule. 

30 RNA interference (RNAi) 

In one aspect, the invention provides an RNA inhibitory molecule, a so- 
called "RNAi" molecule, comprising an amylase sequence of the invention. The RNAi 
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molecule comprises a double-stranded RNA (dsRNA) molecule. The RNAi can inhibit 
expression of an amylase gene. In one aspect, the RNAi is about 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25 or more duplex nucleotides in length. While the invention is not 
limited by any particular mechanism of action, the RNAi can enter a cell and cause the 

5 degradation of a single-stranded RNA (ssRNA) of similar or identical sequences, 
including endogenous mRNAs. When a cell is exposed to double-stranded RNA 
(dsRNA), mRNA from the homologous gene is selectively degraded by a process called 
RNA interference (RNAi). A possible basic mechanism behind RNAi is the breaking of a 
double-stranded RNA (dsRNA) matching a specific gene sequence into short pieces 

10 called short interfering RNA, which trigger the degradation of mRNA that matches its 
sequence. In one aspect, the RNAi's of the invention are used in gene-silencing 
therapeutics, see, e.g., Shuey (2002) Drug Discov. Today 7:1040-1046. In one aspect, the 
invention provides methods to selectively degrade RNA using the RNAi's of the 
invention. The process may be practiced in vitro, ex vivo or in vivo. In one aspect, the 

15 RNAi molecules of the invention can be used to generate a loss-of-function mutation in a 
cell, an organ or an animal. Methods for making and using RNAi molecules for 
selectively degrade RNA are well known in the art, see, e.g., U.S. Patent No. 6,506,559; 
6,5 1 1 ,824; 6,5 1 5, 1 09; 6,489, 1 27. 

Modification of Nucleic Acids 
20 The invention provides methods of generating variants of the nucleic acids 

of the invention, e.g., those encoding an amylase. These methods can be repeated or used 

in various combinations to generate amylases having an altered or different activity or an 

altered or different stability from that of an amylase encoded by the template nucleic acid. 

These methods also can be repeated or used in various combinations, e.g., to generate 
25 variations in gene/ message expression, message translation or message stability. In 

another aspect, the genetic composition of a cell is altered by, e.g., modification of a 

homologous gene ex vivo, followed by its reinsertion into the cell. 

A nucleic acid of the invention can be altered by any means. For example, 

random or stochastic methods, or, non-stochastic, or "directed evolution," methods, see, 
30 e.g., U.S. Patent No. 6,361,974. Methods for random mutation of genes are well known 

in the art, see, e.g., U.S. Patent No. 5,830,696. For example, mutagens can be used to 

randomly mutate a gene. Mutagens include, e.g., ultraviolet light or gamma irradiation, 
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or a chemical mutagen, e.g., mitomycin, nitrous acid, photoactivated psoralens, alone or 
in combination, to induce DNA breaks amenable to repair by recombination. Other 
chemical mutagens include, for example, sodium bisulfite, nitrous acid, hydroxylamine, 
hydrazine or formic acid. Other mutagens are analogues of nucleotide precursors, e.g., 
5 nitrosoguanidine, 5-bromouracil, 2-aminopurine, or acridine. These agents can be added 
to a PCR reaction in place of the nucleotide precursor thereby mutating the sequence. 
Intercalating agents such as proflavine, acriflavine, quinacrine and the like can also be 
used. 

Any technique in molecular biology can be used, e.g., random PCR 

10 mutagenesis, see, e.g., Rice (1992) Proc. Natl. Acad. Sci. USA 89:5467-5471 ; or, 
combinatorial multiple cassette mutagenesis, see, e.g., Crameri (1995) Biotechniques 
1 8:194-196. Alternatively, nucleic acids, e.g., genes, can be reassembled after random, or 
"stochastic," fragmentation, see, e.g., U.S. Patent Nos. 6,291,242; 6,287,862; 6,287,861; 
5,955,358; 5,830,721; 5,824,514; 5,811,238; 5,605,793. In alternative aspects, 

15 modifications, additions or deletions are introduced by error-prone PCR, shuffling, 

oligonucleotide-directed mutagenesis, assembly PCR, sexual PCR mutagenesis, in vivo 
mutagenesis, cassette mutagenesis, recursive ensemble mutagenesis, exponential 
ensemble mutagenesis, site-specific mutagenesis, gene reassembly, gene site saturated 
mutagenesis (GSSM), synthetic ligation reassembly (SLR), recombination, recursive 

20 sequence recombination, phosphothioate-modified DNA mutagenesis, uracil-containing 
template mutagenesis, gapped duplex mutagenesis, point mismatch repair mutagenesis, 
repair-deficient host strain mutagenesis, chemical mutagenesis, radiogenic mutagenesis, 
deletion mutagenesis, restriction-selection mutagenesis, restriction-purification 
mutagenesis, artificial gene synthesis, ensemble mutagenesis, chimeric nucleic acid 

25 multimer creation, and/or a combination of these and other methods. 

The following publications describe a variety of recursive recombination 
procedures and/or methods which can be incorporated into the methods of the invention: 
Stemmer (1999) "Molecular breeding of viruses for targeting and other clinical 
properties" Tumor Targeting 4:1-4; Ness (1999) Nature Biotechnology 17:893-896; 

30 Chang (1 999) "Evolution of a cytokine using DNA family shuffling" Nature 

Biotechnology 17:793-797; Minshull (1999) "Protein evolution by molecular breeding" 
Current Opinion in Chemical Biology 3:284-290; Christians (1999) "Directed evolution 
of thymidine kinase for AZT phosphorylation using DNA family shuffling" Nature 
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Biotechnology 17:259-264; Crameri (1998) M DNA shuffling of a family of genes from 
diverse species accelerates directed evolution" Nature 391:288-291; Crameri (1997) 
"Molecular evolution of an arsenate detoxification pathway by DNA shuffling," Nature 
Biotechnology 15:436-438; Zhang (1997) "Directed evolution of an effective fucosidase 

5 from a galactosidase by DNA shuffling and screening" Proc. Natl. Acad. Sci. USA 
94:4504-4509; Patten et al. (1997) "Applications of DNA Shuffling to Pharmaceuticals 
and Vaccines" Current Opinion in Biotechnology 8:724-733; Crameri et al. (1996) 
"Construction and evolution of antibody-phage libraries by DNA shuffling" Nature 
Medicine 2:100-103; Gates et al. (1996) "Affinity selective isolation of ligands from 

10 peptide libraries through display on a lac repressor "headpiece dimer'" Journal of 

Molecular Biology 255:373-386; Stemmer (1996) "Sexual PCR and Assembly PCR" In: 
The Encyclopedia of Molecular Biology. V£H Publishers, New York, pp.447-457; 
Crameri and Stemmer (1995) "Combinatorial multiple cassette mutagenesis creates all the 
permutations of mutant and wildtype cassettes" BioTechniques 18:194-195; Stemmer et 

15 al. (1995) "Single-step assembly of a gene and entire plasmid form large numbers of 
oligodeoxyribonucleotides" Gene, 164:49-53; Stemmer (1995) "The Evolution of 
Molecular Computation" Science 270: 1510; Stemmer (1995) "Searching Sequence 
Space" Bio/Technology 13:549-553; Stemmer (1994) "Rapid evolution of a protein in 
vitro by DNA shuffling" Nature 370:389-391; and Stemmer (1994) "DNA shuffling by 

20 random fragmentation and reassembly: In vitro recombination for molecular evolution." 
Proc. Natl. Acad. Sci. USA 91:10747-10751. 

Mutational methods of generating diversity include, for example, site- 
directed mutagenesis (Ling et al. (1997) "Approaches to DNA mutagenesis: an overview" 
Anal Biochem. 254(2): 157-178; Dale et al. (1996) "Oligonucleotide-directed random 

25 mutagenesis using the phosphorothioate method" Methods Mol. Biol. 57:369-374; Smith 

(1985) "In vitro mutagenesis" Ann. Rev. Genet. 19:423-462; Botstein & Shortle (1985) 
"Strategies and applications of in vitro mutagenesis" Science 229:1 193-1201 ; Carter 

(1986) "Site-directed mutagenesis" Biochem. J. 237:1-7; and Kunkel (1987) "The 
efficiency of oligonucleotide directed mutagenesis" in Nucleic Acids & Molecular 

30 Biology (Eckstein, F. and Lilley, D. M. J. eds., Springer Verlag, Berlin)); mutagenesis 
using uracil containing templates (Kunkel (1985) "Rapid and efficient site-specific 
mutagenesis without phenotypic selection" Proc. Natl. Acad. Sci. USA 82:488-492; 
Kunkel et al. (1987) "Rapid and efficient site-specific mutagenesis without phenotypic 
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selection" Methods in Enzymol. 154, 367-382; and Bass et al. (1988) "Mutant Tip 
repressors with new DNA-binding specificities" Science 242:240-245); oligonucleotide- 
directed mutagenesis (Methods in Enzymol. 100: 468-500 (1983); Methods in Enzymol. 
154: 329-350 (1987); Zoller & Smith (1982) "Oligonucleotide-directed mutagenesis using 
5 M13-derived vectors: an efficient and general procedure for the production of point 
mutations in any DNA fragment" Nucleic Acids Res. 10:6487-6500; Zoller & Smith 

(1983) "Oligonucleotide-directed mutagenesis of DNA fragments cloned into Ml 3 
vectors" Methods in Enzymol. 100:468-500; and Zoller & Smith (1987) Oligonucleotide- 
directed mutagenesis: a simple method using two oligonucleotide primers and a single- 

♦ 

10 stranded DNA template" Methods in Enzymol. 154:329-350); phosphorothioate-modified 
DNA mutagenesis (Taylor et al. (1985) "The use of phosphorothioate-modified DNA in 
restriction enzyme reactions to prepare nicked DNA" Nucl. Acids Res. 13: 8749-8764; 
Taylor et al. (1985) "The rapid generation of oligonucleotide-directed mutations at high 
frequency using phosphorothioate-modified DNA" Nucl. Acids Res. 13: 8765-8787 

15 (1985); Nakamaye (1986) "Inhibition of restriction endonuclease Nci I cleavage by 
phosphorothioate groups and its application to oligonucleotide-directed mutagenesis" 
Nucl. Acids Res. 14: 9679-9698; Sayers et al. (1988) "Y-T Exonucleases in 
phosphorothioate-based oligonucleotide-directed mutagenesis" Nucl. Acids Res. 16:791- 
802; and Sayers et al. (1988) "Strand specific cleavage of phosphorothioate-containing 

20 DNA by reaction with restriction endonucleases in the presence of ethidium bromide" 
Nucl. Acids Res. 16: 803-814); mutagenesis using gapped duplex DNA (Kramer et al. 

(1984) "The gapped duplex DNA approach to oligonucleotide-directed mutation 
construction" Nucl. Acids Res. 12: 9441-9456; Kramer & Fritz (1987) Methods in 
Enzymol. "Oligonucleotide-directed construction of mutations via gapped duplex DNA" 

25 1 54:350-367; Kramer et al. (1988) "Improved enzymatic in vitro reactions in the gapped 
duplex DNA approach to oligonucleotide-directed construction of mutations" Nucl. Acids 
Res. 16: 7207; and Fritz et al. (1988) "Oligonucleotide-directed construction of 
mutations: a gapped duplex DNA procedure without enzymatic reactions in vitro 11 Nucl. 
Acids Res. 16: 6987-6999). 

30 Additional protocols that can be used to practice the invention include 

point mismatch repair (Kramer (1984) "Point Mismatch Repair" Cell 38:879-887), 
mutagenesis using repair-deficient host strains (Carter et al. (1985) "Improved 
oligonucleotide site-directed mutagenesis using Ml 3 vectors" Nucl. Acids Res. 13: 4431- 



86 



WO 2004/091544 



PCT/US2004/007096 



4443; and Carter (1987) "Improved oligonucleotide-directed mutagenesis using Ml 3 
vectors" Methods in Enzymol. 154: 382-403), deletion mutagenesis (Eghtedarzadeh 
(1986) "Use of oligonucleotides to generate large deletions" Nucl. Acids Res. 14: 51 15), 
restriction-selection and restriction-selection and restriction-purification (Wells et al. 
5 (1986) "Importance of hydrogen-bond formation in stabilizing the transition state of 
subtilisin" Phil. Trans. R. Soc. Lond. A 317: 415-423), mutagenesis by total gene 
synthesis (Nambiar et al. (1984) "Total synthesis and cloning of a gene coding for the 
ribonuclease S protein" Science 223: 1299-1301 ; Sakamar and Khorana (1988) "Total 
synthesis and expression of a gene for the a-subunit of bovine rod outer segment guanine 

10 nucleotide-binding protein (transducin)" Nucl. Acids Res. 14: 6361-6372; Wells et al. 
(1985) "Cassette mutagenesis: an efficient method for generation of multiple mutations at 
defined sites" Gene 34:315-323; and Grundstrom et al. (1985) "Oligonucleotide-directed 
mutagenesis by microscale 'shot-gun' gene synthesis" Nucl. Acids Res. 13: 3305-3316), 
double-strand break repair (Mandecki (1986); Arnold (1993) "Protein engineering for 

15 unusual environments" Current Opinion in Biotechnology 4:450-455. "Oligonucleotide- 
directed double-strand break repair in plasmids of Escherichia coli: a method for site- 
specific mutagenesis" Proc. Natl. Acad. Sci. USA, 83:7177-7181). Additional details on 
many of the above methods can be found in Methods in Enzymology Volume 1 54, which 
also describes useful controls for trouble-shooting problems with various mutagenesis 

20 methods. 

Protocols that can be used to practice the invention are described, e.g., in 
U.S. Patent Nos. 5,605,793 to Stemmer (Feb. 25, 1997), "Methods for In Vitro 
Recombination;" U.S. Pat. No. 5,81 1,238 to Stemmer et al. (Sep. 22, 1998) "Methods for 

■ 

Generating Polynucleotides having Desired Characteristics by Iterative Selection and 
25 Recombination;" U.S. Pat. No. 5,830,721 to Stemmer et al. (Nov. 3, 1998), "DNA 
Mutagenesis by Random Fragmentation and Reassembly;" U.S. Pat. No. 5,834,252 to 
Stemmer, et al. (Nov. 10, 1998) "End-Complementary Polymerase Reaction;" U.S. Pat. 
No. 5,837,458 to Minshull, et al. (Nov. 17, 1998), "Methods and Compositions for 
Cellular and Metabolic Engineering;" WO 95/22625, Stemmer and Crameri, 
30 "Mutagenesis by Random Fragmentation and Reassembly;" WO 96/33207 by Stemmer 
and Lipschutz "End Complementary Polymerase Chain Reaction;" WO 97/20078 by 
Stemmer and Crameri "Methods for Generating Polynucleotides having Desired 
Characteristics by Iterative Selection and Recombination;" WO 97/35966 by Minshull 



87 



WO 2004/091544 



PCT/US2004/007096 



and Stemmer, "Methods and Compositions for Cellular and Metabolic Engineering;" WO 
99/41402 by Punnonen et al. "Targeting of Genetic Vaccine Vectors;" WO 99/41383 by 
Punnonen et ah "Antigen Library Immunization;" WO 99/41369 by Punnonen et al. 
"Genetic Vaccine Vector Engineering;" WO 99/41368 by Punnonen et al. "Optimization 
5 of Immunomodulatory Properties of Genetic Vaccines; ,f EP 752008 by Stemmer and 
Crameri, "DNA Mutagenesis by Random Fragmentation and Reassembly;" EP 0932670 
by Stemmer "Evolving Cellular DNA Uptake by Recursive Sequence Recombination;" 
WO 99/23107 by Stemmer et al., "Modification of Virus Tropism and Host Range by 
Viral Genome Shuffling;" WO 99/21979 by Apt et al., "Human Papillomavirus Vectors;" 

10 WO 98/3 1 837 by del Cardayre et al. "Evolution of Whole Cells and Organisms by 

Recursive Sequence Recombination;" WO 98/27230 by Patten and Stemmer, "Methods 
and Compositions for Polypeptide Engineering;" WO 98/27230 by Stemmer et ah, 
"Methods for Optimization of Gene Therapy by Recursive Sequence Shuffling and 
Selection," WO 00/00632, "Methods for Generating Highly Diverse Libraries," WO 

15 00/09679, "Methods for Obtaining in Vitro Recombined Polynucleotide Sequence Banks 
and Resulting Sequences," WO 98/42832 by Arnold et al., "Recombination of 
Polynucleotide Sequences Using Random or Defined Primers," WO 99/29902 by Arnold 
et al., "Method for Creating Polynucleotide and Polypeptide Sequences," WO 98/41653 
by Vind, "An in Vitro Method for Construction of a DNA Library," WO 98/41622 by 

20 Borchert et al., "Method for Constructing a Library Using DNA Shuffling," and WO 

98/42727 by Pati and Zarling, "Sequence Alterations using Homologous Recombination." 

Protocols that can be used to practice the invention (providing details 
regarding various diversity generating methods) are described, e.g., in U.S. Patent 
application serial no. (USSN) 09/407,800, "SHUFFLING OF CODON ALTERED 

25 GENES" by Patten et al. filed Sep. 28, 1999; "EVOLUTION OF WHOLE CELLS AND 
ORGANISMS BY RECURSIVE SEQUENCE RECOMBINATION" by del Cardayre et 
al., United States Patent No. 6,379,964; "OLIGONUCLEOTIDE MEDIATED NUCLEIC 
ACID RECOMBINATION" by Crameri et al., United States Patent Nos. 6,319,714; 
6,368,861; 6,376,246; 6,423,542; 6,426,224 and PCT/US00/01203; "USE OF CODON- 

30 VARIED OLIGONUCLEOTIDE SYNTHESIS FOR SYNTHETIC SHUFFLING" by 
Welch et al., United States Patent No. 6,436,675; "METHODS FOR MAKING 
CHARACTER STRINGS, POLYNUCLEOTIDES & POLYPEPTIDES HAVING 
DESIRED CHARACTERISTICS" by Selifonov et al., filed Jan. 18, 2000, 
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(PCT/US00/01202) and, e.g. "METHODS FOR MAKING CHARACTER STRINGS, 
POLYNUCLEOTIDES & POLYPEPTIDES HAVING DESIRED 
CHARACTERISTICS" by Selifonov et al., filed Jul. 18, 2000 (U.S. Ser. No. 
09/618,579); "METHODS OF POPULATING DATA STRUCTURES FOR USE IN 
5 EVOLUTIONARY SIMULATIONS" by Selifonov and Stemmer, filed Jan. 18, 2000 
(PCT/US00/01 138); and "SINGLE-STRANDED NUCLEIC ACID TEMPLATE- 
MEDIATED RECOMBINATION AND NUCLEIC ACID FRAGMENT ISOLATION" 
by Affholter, filed Sep. 6, 2000 (U.S. Ser. No. 09/656,549); and United States Patent Nos. 
6,177,263; 6,153,410. 

10 Non-stochastic, or "directed evolution," methods include, e.g., gene site 

saturation mutagenesis (GSSM™), synthetic ligation reassembly (SLR), or a combination 
thereof are used to modify the nucleic acids of the invention to generate amylases with 
new or altered properties (e.g., activity under highly acidic or alkaline conditions, high 
temperatures, and the like). Polypeptides encoded by the modified nucleic acids can be 

15 screened for an activity before testing for proteolytic or other activity. Any testing 
modality or protocol can be used, e.g., using a capillary array platform. See, e.g., U.S. 
Patent Nos. 6,361,974; 6,280,926; 5,939,250, 

Saturation mutagenesis, or, GSSAf™ 

In one aspect, codon primers containing a degenerate N,N,G/T sequence 

20 are used to introduce point mutations into a polynucleotide, e.g., an amylase or an 

antibody of the invention, so as to generate a set of progeny polypeptides in which a full 
range of single amino acid substitutions is represented at each amino acid position, e.g., 
an amino acid residue in an enzyme active site or ligand binding site targeted to be 
modified. These oligonucleotides can comprise a contiguous first homologous sequence, 

25 a degenerate N,N,G/T sequence, and, optionally, a second homologous sequence. The 
downstream progeny translational products from the use of such oligonucleotides include 
all possible amino acid changes at each amino acid site along the polypeptide, because the 
degeneracy of the N,N,G/T sequence includes codons for all 20 amino acids. In one 
aspect, one such degenerate oligonucleotide (comprised of, e.g., one degenerate N,N,G/T 

30 cassette) is used for subjecting each original codon in a parental polynucleotide template 
to a full range of codon substitutions. In another aspect, at least two degenerate cassettes 
are used - either in the same oligonucleotide or not, for subjecting at least two original 
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codons in a parental polynucleotide template to a full range of codon substitutions. For 
example, more than one N,N,G/T sequence can be contained in one oligonucleotide to 
introduce amino acid mutations at more than one site. This plurality of N,N,G/T 
sequences can be directly contiguous, or separated by one or more additional nucleotide 
sequence(s). In another aspect, oligonucleotides serviceable for introducing additions and 
deletions can be used either alone or in combination with the codons containing an 
N,N,G/T sequence, to introduce any combination or permutation of amino acid additions, 
deletions, and/or substitutions. 

In one aspect, simultaneous mutagenesis of two or more contiguous amino 
acid positions is done using an oligonucleotide that contains contiguous N,N,G/T triplets, 
i.e. a degenerate (N,N,G/T)n sequence. In another aspect, degenerate cassettes having 
less degeneracy than the N,N,G/T sequence are used. For example, it may be desirable in 
some instances to use (e.g. in an oligonucleotide) a degenerate triplet sequence comprised 
of only one N, where said N can be in the first second or third position of the triplet. Any 
other bases including any combinations and permutations thereof can be used in the 
remaining two positions of the triplet. Alternatively, it may be desirable in some 
instances to use (e.g. in an oligo) a degenerate N,N,N triplet sequence. 

In one aspect, use of degenerate triplets (e.g., N,N,G/T triplets) allows for 
systematic and easy generation of a full range of possible natural amino acids (for a total 
of 20 amino acids) into each and every amino acid position in a polypeptide (in 
alternative aspects, the methods also include generation of less than all possible 
substitutions per amino acid residue, or codon, position). For example, for a 100 amino 
acid polypeptide, 2000 distinct species (i.e. 20 possible amino acids per position X 100 
amino acid positions) can be generated. Through the use of an oligonucleotide or set of 
oligonucleotides containing a degenerate N,N,G/T triplet, 32 individual sequences can 
code for all 20 possible natural amino acids. Thus, in a reaction vessel in which a 
parental polynucleotide sequence is subjected to saturation mutagenesis using at least one 
such oligonucleotide, there are generated 32 distinct progeny polynucleotides encoding 
20 distinct polypeptides. In contrast, the use of a non-degenerate oligonucleotide in site- 
directed mutagenesis leads to only one progeny polypeptide product per reaction vessel. 
Nondegenerate oligonucleotides can optionally be used in combination with degenerate 
primers disclosed; for example, nondegenerate oligonucleotides can be used to generate 
specific point mutations in a working polynucleotide. This provides one means to 
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generate specific silent point mutations, point mutations leading to corresponding amino 
acid changes, and point mutations that cause the generation of stop codons and the 
corresponding expression of polypeptide fragments. 

In one aspect, each saturation mutagenesis reaction vessel contains 
5 polynucleotides encoding at least 20 progeny polypeptide (e.g., amylases) molecules such 
that all 20 natural amino acids are represented at the one specific amino acid position 
corresponding to the codon position mutagenized in the parental polynucleotide (other 

« 

aspects use less than all 20 natural combinations). The 32-fold degenerate progeny 
polypeptides generated from each saturation mutagenesis reaction vessel can be subjected 

10 to clonal amplification (e.g. cloned into a suitable host, e.g., E. coli host, using, e.g., an 
expression vector) and subjected to expression screening. When an individual progeny 
polypeptide is identified by screening to display a favorable change in property (when 
compared to the parental polypeptide, such as increased proteolytic activity under alkaline 
or acidic conditions), it can be sequenced to identify the correspondingly favorable amino 

15 acid substitution contained therein. 

In one aspect, upon mutagenizing each and every amino acid position in a 
parental polypeptide using saturation mutagenesis as disclosed herein, favorable amino 
acid changes may be identified at more than one amino acid position. One or more new 
progeny molecules can be generated that contain a combination of all or part of these 

20 favorable amino acid substitutions. For example, if 2 specific favorable amino acid 
changes are identified in each of 3 amino acid positions in a polypeptide, the 
permutations include 3 possibilities at each position (no change from the original amino 
acid, and each of two favorable changes) and 3 positions. Thus, there are 3 x 3 x 3 or 27 
total possibilities, including 7 that were previously examined - 6 single point mutations 

25 (i.e. 2 at each of three positions) and no change at any position. 

In another aspect, site-saturation mutagenesis can be used together with 
another stochastic or non-stochastic means to vary sequence, e.g., synthetic ligation 
reassembly (see below), shuffling, chimerization, recombination and other mutagenizing 
processes and mutagenizing agents. This invention provides for the use of any 

30 mutagenizing process(es), including saturation mutagenesis, in an iterative manner. 

Synthetic Ligation Reassembly (SLR) 

The invention provides a non-stochastic gene modification system termed 
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"synthetic ligation reassembly,*' or simply "SLR/' a "directed evolution process," to 
generate polypeptides, e.g., amylases or antibodies of the invention, with new or altered 
properties. SLR is a method of ligating oligonucleotide fragments together non- 
stochastically. This method differs from stochastic oligonucleotide shuffling in that the 
5 nucleic acid building blocks are not shuffled, concatenated or chimerized randomly, but 
rather are assembled non-stochastically. See, e.g., U.S. Patent Application Serial No. 
(USSN) 09/332,835 entitled "Synthetic Ligation Reassembly in Directed Evolution" and 
filed on June 14, 1999 ("USSN 09/332,835"). In one aspect, SLR comprises the 
following steps: (a) providing a template polynucleotide, wherein the template 

10 polynucleotide comprises sequence encoding a homologous gene; (b) providing a 

plurality of building block polynucleotides, wherein the building block polynucleotides 
are designed to cross-over reassemble with the template polynucleotide at a 
predetermined sequence, and a building block polynucleotide comprises a sequence that 
is a variant of the homologous gene and a sequence homologous to the template 

15 polynucleotide flanking the variant sequence; (c) combining a building block 

polynucleotide with a template polynucleotide such that the building block polynucleotide 
cross-over reassembles with the template polynucleotide to generate polynucleotides 
comprising homologous gene sequence variations. 

SLR does not depend on the presence of high levels of homology between 

20 polynucleotides to be rearranged. Thus, this method can be used to non-stochastically 
generate libraries (or sets) of progeny molecules comprised of over 10 100 different 
chimeras. SLR can be used to generate libraries comprised of over 

10 iooo different 

progeny chimeras. Thus, aspects of the present invention include non-stochastic methods 
of producing a set of finalized chimeric nucleic acid molecule shaving an overall 

25 assembly order that is chosen by design. This method includes the steps of generating by 
design a plurality of specific nucleic acid building blocks having serviceable mutually 
compatible ligatable ends, and assembling these nucleic acid building blocks, such that a 
designed overall assembly order is achieved. 

The mutually compatible ligatable ends of the nucleic acid building blocks 

30 to be assembled are considered to be "serviceable" for this type of ordered assembly if 
they enable the building blocks to be coupled in predetermined orders. Thus, the overall 
assembly order in which the nucleic acid building blocks can be coupled is specified by 
the design of the ligatable ends. If more than one assembly step is to be used, then the 
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overall assembly order in which the nucleic acid building blocks can be coupled is also 
specified by the sequential order of the assembly step(s). In one aspect, the annealed 
building pieces are treated with an enzyme, such as a ligase (e.g. T4 DNA ligase), to 
achieve covalent bonding of the building pieces. 

5 In one aspect, the design of the oligonucleotide building blocks is obtained 

by analyzing a set of progenitor nucleic acid sequence templates that serve as a basis for 
producing a progeny set of finalized chimeric polynucleotides. These parental 
oligonucleotide templates thus serve as a source of sequence information that aids in the 
design of the nucleic acid building blocks that are to be mutagenized, e.g., chimerized or 

10 shuffled. In one aspect of this method, the sequences of a plurality of parental nucleic 
acid templates are aligned in order to select one or more demarcation points. The 
demarcation points can be located at an area of homology, and are comprised of one or 
more nucleotides. These demarcation points are preferably shared by at least two of the 
progenitor templates. The demarcation points can thereby be used to delineate the 

15 boundaries of oligonucleotide building blocks to be generated in order to rearrange the 
parental polynucleotides. The demarcation points identified and selected in the 
progenitor molecules serve as potential chimerization points in the assembly of the final 
chimeric progeny molecules. A demarcation point can be an area of homology 
(comprised of at least one homologous nucleotide base) shared by at least two parental 

20 polynucleotide sequences. Alternatively, a demarcation point can be an area of homology 
that is shared by at least half of the parental polynucleotide sequences, or, it can be an 
area of homology that is shared by at least two thirds of the parental polynucleotide 
sequences. Even more preferably a serviceable demarcation points is an area of 
homology that is shared by at least three fourths of the parental polynucleotide sequences, 

25 or, it can be shared by at almost all of the parental polynucleotide sequences. In one 
aspect, a demarcation point is an area of homology that is shared by all of the parental 

polynucleotide sequences. 

In one aspect, a ligation reassembly process is performed exhaustively in 
order to generate an exhaustive library of progeny chimeric polynucleotides. In other 
30 words, all possible ordered combinations of the nucleic acid building blocks are 

represented in the set of finalized chimeric nucleic acid molecules. At the same time, in 
another aspect, the assembly order (i.e. the order of assembly of each building block in 
the 5' to 3 sequence of each finalized chimeric nucleic acid) in each combination is by 
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design (or non-stochastic) as described above. Because of the non-stochastic nature of 
this invention, the possibility of unwanted side products is greatly reduced. 

In another aspect, the ligation reassembly method is performed 
systematically. For example, the method is performed in order to generate a 
5 systematically compartmentalized library of progeny molecules, with compartments that 
can be screened systematically, e.g. one by one. In other words this invention provides 
that, through the selective and judicious use of specific nucleic acid building blocks, 
coupled with the selective and judicious use of sequentially stepped assembly reactions, a 
design can be achieved where specific sets of progeny products are made in each of 

10 several reaction vessels. This allows a systematic examination and screening procedure 
to be performed. Thus, these methods allow a potentially very large number of progeny 
molecules to be examined systematically in smaller groups. Because of its ability to 
perform chimerizations in a manner that is highly flexible yet exhaustive and systematic 
as well, particularly when there is a low level of homology among the progenitor 

15 molecules, these methods provide for the generation of a library (or set) comprised of a 
large number of progeny molecules. Because of the non-stochastic nature of the instant 

* 

ligation reassembly invention, the progeny molecules generated preferably comprise a 
library of finalized chimeric nucleic acid molecules having an overall assembly order that 
is chosen by design. The saturation mutagenesis and optimized directed evolution 

20 methods also can be used to generate different progeny molecular species. It is 
appreciated that the invention provides freedom of choice and control regarding the 
selection of demarcation points, the size and number of the nucleic acid building blocks, 
and the size and design of the couplings. It is appreciated, furthermore, that the 
requirement for intermolecular homology is highly relaxed for the operability of this 

25 invention. In fact, demarcation points can even be chosen in areas of little or no 

intermolecular homology. For example, because of codon wobble, i.e. the degeneracy of 
codons, nucleotide substitutions can be introduced into nucleic acid building blocks 
without altering the amino acid originally encoded in the corresponding progenitor 
template. Alternatively, a codon can be altered such that the coding for an originally 

30 amino acid is altered. This invention provides that such substitutions can be introduced 
into the nucleic acid building block in order to increase the incidence of intermolecular 
homologous demarcation points and thus to allow an increased number of couplings to be 
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achieved among the building blocks, which in turn allows a greater number of progeny 
chimeric molecules to be generated. 

In another aspect, the synthetic nature of the step in which the building 
blocks are generated allows the design and introduction of nucleotides (e.g., one or more 
5 nucleotides, which may be, for example, codons or introns or regulatory sequences) that 
can later be optionally removed in an in vitro process (e.g. by mutagenesis) or in an in 
vivo process (e.g. by utilizing the gene splicing ability of a host organism). It is 
appreciated that in many instances the introduction of these nucleotides may also be 
desirable for many other reasons in addition to the potential benefit of creating a 
10 serviceable demarcation point. 

In one aspect, a nucleic acid building block is used to introduce an intron. 
Thus, functional introns are introduced into a man-made gene manufactured according to 
the methods described herein. The artificially introduced intron(s) can be functional in a 
host cells for gene splicing much in the way that naturally-occurring introns serve 
15 functionally in gene splicing. 

Optimized Directed Evolution System 

The invention provides a non-stochastic gene modification system termed 
"optimized directed evolution system" to generate polypeptides, e.g., amylases or 
antibodies of the invention, with new or altered properties. Optimized directed evolution 

20 is directed to the use of repeated cycles of reductive reassortment, recombination and 
selection that allow for the directed molecular evolution of nucleic acids through 
recombination. Optimized directed evolution allows generation of a large population of 
evolved chimeric sequences, wherein the generated population is significantly enriched 
for sequences that have a predetermined number of crossover events. 

25 A crossover event is a point in a chimeric sequence where a shift in 

sequence occurs from one parental variant to another parental variant. Such a point is 
normally at the juncture of where oligonucleotides from two parents are ligated together 
to form a single sequence. This method allows calculation of the correct concentrations 
of oligonucleotide sequences so that the final chimeric population of sequences is 

30 enriched for the chosen number of crossover events. This provides more control over 
choosing chimeric variants having a predetermined number of crossover events. 
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In addition, this method provides a convenient means for exploring a 
tremendous amount of the possible protein variant space in comparison to other systems. 
Previously, if one generated, for example, 10 13 chimeric molecules during a reaction, it 
would be extremely difficult to test such a high number of chimeric variants for a 
5 particular activity. Moreover, a significant portion of the progeny population would have 
a very high number of crossover events which resulted in proteins that were less likely to 
have increased levels of a particular activity. By using these methods, the population of 
chimerics molecules can be enriched for those variants that have a particular number of 
crossover events. Thus, although one can still generate 10 chimeric molecules during a 

10 reaction, each of the molecules chosen for further analysis most likely has, for example, 
only three crossover events. Because the resulting progeny population can be skewed to 
have a predetermined number of crossover events, the boundaries on the functional 
variety between the chimeric molecules is reduced. This provides a more manageable 
number of variables when calculating which oligonucleotide from the original parental 

15 polynucleotides might be responsible for affecting a particular trait. 

One method for creating a chimeric progeny polynucleotide sequence is to 
create oligonucleotides corresponding to fragments or portions of each parental sequence. 
Each oligonucleotide preferably includes a unique region of overlap so that mixing the 
oligonucleotides together results in a new variant that has each oligonucleotide fragment 

20 assembled in the correct order. Additional information can also be found, e.g., in USSN 
09/332,835; U.S. Patent No. 6,361,974. 

The number of oligonucleotides generated for each parental variant bears a 
relationship to the total number of resulting crossovers in the chimeric molecule that is 
ultimately created. For example, three parental nucleotide sequence variants might be 

25 provided to undergo a ligation reaction in order to find a chimeric variant having, for 
example, greater activity at high temperature. As one example, a set of 50 
oligonucleotide sequences can be generated corresponding to each portions of each 
parental variant. Accordingly, during the ligation reassembly process there could be up to 
50 crossover events within each of the chimeric sequences. The probability that each of 

30 the generated chimeric polynucleotides will contain oligonucleotides from each parental 
variant in alternating order is very low. If each oligonucleotide fragment is present in the 
ligation reaction in the same molar quantity it is likely that in some positions 
oligonucleotides from the same parental polynucleotide will ligate next to one another 

96 



WO 2004/091544 



PCT/US2004/007096 



and thus not result in a crossover event. If the concentration of each oligonucleotide from 
each parent is kept constant during any ligation step in this example, there is a 1/3 chance 

» 

(assuming 3 parents) that an oligonucleotide from the same parental variant will ligate 
within the chimeric sequence and produce no crossover. 
5 Accordingly, a probability density function (PDF) can be determined to 

predict the population bf crossover events that are likely to occur during each step in a 
ligation reaction given a set number of parental variants, a number of oligonucleotides 
corresponding to each variant, and the concentrations of each variant during each step in 
the ligation reaction. The statistics and mathematics behind determining the PDF is 

10 described below. By utilizing these methods, one can calculate such a probability density 
function, and thus enrich the chimeric progeny population for a predetermined number of 
crossover events resulting from a particular ligation reaction. Moreover, a target number 
of crossover events can be predetermined, and the system then programmed to calculate 
the starting quantities of each parental oligonucleotide during each step in the ligation 

15 reaction to result in a probability density function that centers on the predetermined 

number of crossover events. These methods are directed to the use of repeated cycles of 
reductive reassortment, recombination and selection that allow for the directed molecular 
evolution of a nucleic acid encoding a polypeptide through recombination. This system 
allows generation of a large population of evolved chimeric sequences, wherein the 

20 generated population is significantly enriched for sequences that have a predetermined 
number of crossover events. A crossover event is a point in a chimeric sequence where a 
shift in sequence occurs from one parental variant to another parental variant. Such a 
point is normally at the juncture of where oligonucleotides from two parents are ligated 
together to form a single sequence. The method allows calculation of the correct 

25 concentrations of oligonucleotide sequences so that the final chimeric population of 
sequences is enriched for the chosen number of crossover events. This provides more 
control over choosing chimeric variants having a predetermined number of crossover 
events. 

In addition, these methods provide a convenient means for exploring a 
30 tremendous amount of the possible protein variant space in comparison to other systems. 
By using the methods described herein, the population of chimerics molecules can be 
enriched for those variants that have a particular number of crossover events. Thus, 
although one can still generate 10 chimeric molecules during a reaction, each of the 
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molecules chosen for further analysis most likely has, for example, only three crossover 
events. Because the resulting progeny population can be skewed to have a predetermined 
number of crossover events, the boundaries on the functional variety between the 
chimeric molecules is reduced. This provides a more manageable number of variables 

5 when calculating which oligonucleotide from the original parental polynucleotides might 
be responsible for affecting a particular trait. 

In one aspect, the method creates a chimeric progeny polynucleotide 
sequence by creating oligonucleotides corresponding to fragments or portions of each 
parental sequence. Each oligonucleotide preferably includes a unique region of overlap 

10 so that mixing the oligonucleotides together results in a new variant that has each 
oligonucleotide fragment assembled in the correct order. See also USSN 09/332,835. 

Determining Crossover Events 

Aspects of the invention include a system and software that receive a 
desired crossover probability density function (PDF), the number of parent genes to be 
15 reassembled, and the number of fragments in the reassembly as inputs. The output of this 
program is a "fragment PDF" that can be used to determine a recipe for producing 
reassembled genes, and the estimated crossover PDF of those genes. The processing 
described herein is preferably performed in MATLAB™ (The Mathworks, Natick, 
Massachusetts) a programming language and development environment for technical 
20 computing. 

Iterative Processes 

In practicing the invention, these processes can be iteratively repeated. 
For example, a nucleic acid (or, the nucleic acid) responsible for an altered or new 
amylase phenotype is identified, re-isolated, again modified, re-tested for activity. This 
25 process can be iteratively repeated until a desired phenotype is engineered. For example, 
an entire biochemical anabolic or catabolic pathway can be engineered into a cell, 
including, e.g., starch hydrolysis activity. 

Similarly, if it is determined that a particular oligonucleotide has no affect 
at all on the desired trait (e.g., a new amylase phenotype), it can be removed as a variable 
30 by synthesizing larger parental oligonucleotides that include the sequence to be removed. 
Since incorporating the sequence within a larger sequence prevents any crossover events, 
there will no longer be any variation of this sequence in the progeny polynucleotides. 
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This iterative practice of determining which oligonucleotides are most related to the 
desired trait, and which are unrelated, allows more efficient exploration all of the possible 
protein variants that might be provide a particular trait or activity. 

In vivo shuffling 

5 In vivo shuffling of molecules is use in methods of the invention that 

provide variants of polypeptides of the invention, e.g., antibodies, amylases, and the like. 
In vivo shuffling can be performed utilizing the natural property of cells to recombine 
multimers. While recombination in vivo has provided the major natural route to 
molecular diversity, genetic recombination remains a relatively complex process that 

10 involves 1) the recognition of homologies; 2) strand cleavage, strand invasion, and 
metabolic steps leading to the production of recombinant chiasma; and finally 3) the 
resolution of chiasma into discrete recombined molecules. The fonnation of the chiasma 
requires the recognition of homologous sequences. 

In one aspect, the invention provides a method for producing a hybrid 

15 polynucleotide from at least a first polynucleotide (e.g., an amylase of the invention) and 
a second polynucleotide (e.g., an enzyme, such as an amylase of the invention or any 
other amylase, or, a tag or an epitope). The invention can be used to produce a hybrid 
polynucleotide by introducing at least a first polynucleotide and a second polynucleotide 
which share at least one region of partial sequence homology into a suitable host cell. 

20 The regions of partial sequence homology promote processes which result in sequence 
reorganization producing a hybrid polynucleotide. The term "hybrid polynucleotide", as 
used herein, is any nucleotide sequence which results from the method of the present 
invention and contains sequence from at least two original polynucleotide sequences. 
Such hybrid polynucleotides can result from intermolecular recombination events which 

25 promote sequence integration between DNA molecules. In addition, such hybrid 

polynucleotides can result from intramolecular reductive reassortment processes which 
utilize repeated sequences to alter a nucleotide sequence within a DNA molecule. 

Producing sequence variants 

The invention also provides additional methods for making sequence 
30 variants of the nucleic acid (e.g., amylase) sequences of the invention. The invention also 
provides additional methods for isolating amylases using the nucleic acids and 
polypeptides of the invention. In one aspect, the invention provides for variants of an 
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amylase coding sequence (e.g., a gene, cDNA or message) of the invention, which can be 
altered by any means, including, e.g., random or stochastic methods, or, non-stochastic, or 
"directed evolution," methods, as described above. 

The isolated variants may be naturally occurring. Variant can also be 
5 created in vitro. Variants may be created using genetic engineering techniques such as 
site directed mutagenesis, random chemical mutagenesis, Exonuclease III deletion 
procedures, and standard cloning techniques. Alternatively, such variants, fragments, 
analogs, or derivatives may be created using chemical synthesis or modification 
procedures. Other methods of making variants are also familiar to those skilled in the art. 

10 These include procedures in which nucleic acid sequences obtained from natural isolates 
are modified to generate nucleic acids which encode polypeptides having characteristics 
which enhance their value in industrial or laboratory applications. In such procedures, a 
large number of variant sequences having one or more nucleotide differences with respect 
to the sequence obtained from the natural isolate are generated and characterized. These 

15 nucleotide differences can result in amino acid changes with respect to the polypeptides 
encoded by the nucleic acids from the natural isolates. 

For example, variants may be created using error prone PCR. In error 
prone PCR, PCR is performed under conditions where the copying fidelity of the DNA 
polymerase is low, such that a high rate of point mutations is obtained along the entire 

20 length of the PCR product. Error prone PCR is described, e.g., in Leung, D.W., et al., 
Technique, 1:11-15, 1989) and Caldwell, R. C. & Joyce G.F., PCR Methods Applic, 
2:28-33, 1992. Briefly, in such procedures, nucleic acids to be mutagenized are mixed 
with PCR primers, reaction buffer, MgCh, MnCb, Taq polymerase and an appropriate 
concentration of dNTPs for achieving a high rate of point mutation along the entire length 

25 of the PCR product. For example, the reaction may be performed using 20 frnoles of 
nucleic acid to be mutagenized, 30 pmole of each PCR primer, a reaction buffer 
comprising 50mM KC1, lOmM Tris HC1 (pH 8.3) and 0.01% gelatin, 7mM MgC12, 
0.5mM MnCl 2 , 5 units of Taq polymerase, 0.2mM dGTP, 0.2mM dATP, ImM dCTP, and 
ImM dTTP. PCR may be performed for 30 cycles of 94°C for 1 min, 45°C for 1 min, 

30 and 72°C for 1 min. However, it will be appreciated that these parameters may be varied 
as appropriate. The mutagenized nucleic acids are cloned into an appropriate vector and 
the activities of the polypeptides encoded by the mutagenized nucleic acids is evaluated. 
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Variants may also be created using oligonucleotide directed mutagenesis 
to generate site-specific mutations in any cloned DNA of interest. Oligonucleotide 
mutagenesis is described, e.g., in Reidhaar-Olson (1988) Science 241:53-57. Briefly, in 
such procedures a plurality of double stranded oligonucleotides bearing one or more 
5 mutations to be introduced into the cloned DNA are synthesized and inserted into the 
cloned DNA to be mutagenized. Clones containing the mutagenized DNA are recovered 
and the activities of the polypeptides they encode are assessed. 

Another method for generating variants is assembly PCR. Assembly PCR 
involves the assembly of a PCR product from a mixture of small DNA fragments. A large 

10 number of different PCR reactions occur in parallel in the same vial, with the products of 
one reaction priming the products of another reaction. Assembly PCR is described in, 
e.g., U.S. Patent No. 5,965,408. 

Still another method of generating variants is sexual PCR mutagenesis. In 
sexual PCR mutagenesis, forced homologous recombination occurs between DNA 

15 molecules of different but highly related DNA sequence in vitro, as a result of random 
fragmentation of the DNA molecule based on sequence homology, followed by fixation 
of the crossover by primer extension in a PCR reaction. Sexual PCR mutagenesis is 
described, e.g., in Stemmer (1994) Proc. Natl. Acad. Sci. USA 91:10747-10751. Briefly, 
in such procedures a plurality of nucleic acids to be recombined are digested with DNase 

20 to generate fragments having an average size of 50-200 nucleotides. Fragments of the 
desired average size are purified and resuspended in a PCR mixture. PCR is conducted 
under conditions which facilitate recombination between the nucleic acid fragments. For 
example, PCR may be performed by resuspending the purified fragments at a 
concentration of 10-30ng/:l in a solution of 0.2mM of each dNTP, 2.2mM MgCl 2 , 50mM 

25 KCL, 1 OmM Tris HC1, pH 9.0, and 0. 1 % Triton X-l 00. 2.5 units of Taq polymerase per 
100:1 of reaction mixture is added and PCR is performed using the following regime: 
94°C for 60 seconds, 94°C for 30 seconds, 50-55°C for 30 seconds, 72°C for 30 seconds 
(30-45 times) and 72°C for 5 minutes. However, it will be appreciated that these 
parameters may be varied as appropriate. In some aspects, oligonucleotides may be 

30 included in the PCR reactions. In other aspects, the Klenow fragment of DNA 

polymerase I may be used in a first set of PCR reactions and Taq polymerase may be used 
in a subsequent set of PCR reactions. Recombinant sequences are isolated and the 
activities of the polypeptides they encode are assessed. 
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Variants may also be created by in vivo mutagenesis. In some aspects, 
random mutations in a sequence of interest are generated by propagating the sequence of 
interest in a bacterial strain, such as an E. coli strain, which carries mutations in one or 
more of the DNA repair pathways. Such "mutator" strains have a higher random 
5 mutation rate than that of a wild-type parent. Propagating the DNA in one of these strains 
will eventually generate random mutations within the DNA. Mutator strains suitable for 
use for in vivo mutagenesis are described, e.g., in PCT Publication No. WO 91/16427. 

Variants may also be generated using cassette mutagenesis. In cassette 
mutagenesis a small region of a double stranded DNA molecule is replaced with a 
10 synthetic oligonucleotide "cassette" that differs from the native sequence. The 

oligonucleotide often contains completely and/or partially randomized native sequence. 

Recursive ensemble mutagenesis may also be used to generate variants. 
Recursive ensemble mutagenesis is an algorithm for protein engineering (protein 
mutagenesis) developed to produce diverse populations of phenotypically related mutants 
15 whose members differ in amino acid sequence. This method uses a feedback mechanism 
to control successive rounds of combinatorial cassette mutagenesis. Recursive ensemble 
mutagenesis is described, e.g., in Arkin (1992) Proc. Natl. Acad. Sci. USA 89:781 1-7815. 

In some aspects, variants are created using exponential ensemble 
mutagenesis. Exponential ensemble mutagenesis is a process for generating 
20 combinatorial libraries with a high percentage of unique and functional mutants, wherein 
small groups of residues are randomized in parallel to identify, at each altered position, 
amino acids which lead to functional proteins. Exponential ensemble mutagenesis is 
described, e.g., in Delegrave (1993) Biotechnology Res. 1 1:1548-1552. Random and 
site-directed mutagenesis are described, e.g., in Arnold (1993) Current Opinion in 
25 Biotechnology 4:450-455. 

In some aspects, the variants are created using shuffling procedures 
wherein portions of a plurality of nucleic acids which encode distinct polypeptides are 
fused together to create chimeric nucleic acid sequences which encode chimeric 
polypeptides as described in, e.g., U.S. Patent Nos. 5,965,408; 5,939,250 (see also 
30 discussion, above). 

The invention also provides variants of polypeptides of the invention (e.g., 
amylases) comprising sequences in which one or more of the amino acid residues (e.g., of 
an exemplary polypeptide of the invention) are substituted with a conserved or non- 
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conserved amino acid residue (e.g., a conserved amino acid residue) and such substituted 
amino acid residue may or may not be one encoded by the genetic code. Conservative 
substitutions are those that substitute a given amino acid in a polypeptide by another 
amino acid of like characteristics. Thus, polypeptides of the invention include those with 
conservative substitutions of sequences of the invention, e.g., the exemplary polypeptides 
of the invention, including but not limited to the following replacements: replacements of 
an aliphatic amino acid such as Alanine, Valine, Leucine and Isoleucine with another 
aliphatic amino acid; replacement of a Serine with a Threonine or vice versa; replacement 
of an acidic residue such as Aspartic acid and Glutamic acid with another acidic residue; 
replacement of a residue bearing an amide group, such as Asparagine and Glutamine, 
with another residue bearing an amide group; exchange of a basic residue such as Lysine 
and Arginine with another basic residue; and replacement of an aromatic residue such as 
Phenylalanine, Tyrosine with another aromatic residue. Other variants are those in which 
one or more of the amino acid residues of the polypeptides of the invention includes a 
substituent group. 

Other variants within the scope of the invention are those in which the 
polypeptide is associated with another compound, such as a compound to increase the 
half-life of the polypeptide, for example, polyethylene glycol. 

Additional variants within the scope of the invention are those in which 
additional amino acids are fused to the polypeptide, such as a leader sequence, a secretory 
sequence, a proprotein sequence or a sequence which facilitates purification, enrichment, 
or stabilization of the polypeptide. 

In some aspects, the variants, fragments, derivatives and analogs of the 
polypeptides of the invention retain the same biological function or activity as the 
exemplary polypeptides, e.g., amylase activity, as described herein. In other aspects, the 
variant, fragment, derivative, or analog includes a proprotein, such that the variant, 
fragment, derivative, or analog can be activated by cleavage of the proprotein portion to 
produce an active polypeptide. 

Optimizing codons to achieve high levels of protein expression in host cells 

The invention provides methods for modifying amylase-encoding nucleic 
acids to modify codon usage. In one aspect, the invention provides methods for 
modifying codons in a nucleic acid encoding an amylase to increase or decrease its 
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expression in a host cell. The invention also provides nucleic acids encoding an amylase 
modified to increase its expression in a host cell, amylase so modified, and methods of 
making the modified amylases. The method comprises identifying a "non-preferred" or a 
"less preferred" codon in amylase-encoding nucleic acid and replacing one or more of 
5 these non-preferred or less preferred codons with a "preferred codon" encoding the same 
amino acid as the replaced codon and at least one non-preferred or less preferred codon in 
the nucleic acid has been replaced by a preferred codon encoding the same amino acid. A 
preferred codon is a codon over-represented in coding sequences in genes in the host cell 
and a non-preferred or less preferred codon is a codon under-represented in coding 

10 sequences in genes in the host cell. 

Host cells for expressing the nucleic acids, expression cassettes and 
vectors of the invention include bacteria, yeast, fungi, plant cells, insect cells and 
mammalian cells. Thus, the invention provides methods for optimizing codon usage in 
all of these cells, codon-altered nucleic acids and polypeptides made by the codon-altered 

15 nucleic acids. Exemplary host cells include gram negative bacteria, such as Escherichia 
coli; gram positive bacteria, such as Bacillus cereus, Streptomyces, Lactobacillus gasseri, 
Lactococcus lactis, Lactococcus cremoris, Bacillus subtilis. Exemplary host cells also 
include eukaryotic organisms, e.g., various yeast, such as Saccharomyces sp., including 
Saccharomyces cerevisiae, Schizosaccharomyces pombe, Pichia pastoris, and 

20 Kluyveromyces lactis, Hansenula polymorpha, Aspergillus niger, and mammalian cells 
and cell lines and insect cells and cell lines. Thus, the invention also includes nucleic 
acids and polypeptides optimized for expression in these organisms and species. 

For example, the codons of a nucleic acid encoding an amylase isolated 
from a bacterial cell are modified such that the nucleic acid is optimally expressed in a 

25 bacterial cell different from the bacteria from which the amylase was derived, a yeast, a 
fungi, a plant cell, an insect cell or a mammalian cell. Methods for optimizing codons are 
well known in the art, see, e.g., U.S. Patent No. 5,795,737; Baca (2000) Int. J. Parasitol. 
30:1 13-118; Hale (1998) Protein Expr. Purif. 12:185-188; Narum (2001) Infect. Immun. 
69:7250-7253. See also Narum (2001) Infect. Immun. 69:7250-7253, describing 

30 optimizing codons in mouse systems; Outchkourov (2002) Protein Expr. Purif. 24: 1 8-24, 
describing optimizing codons in yeast; Feng (2000) Biochemistry 39:15399-15409, 
describing optimizing codons in E, coli; Humphreys (2000) Protein Expr. Purif. 20:252- 
264, describing optimizing codon usage that affects secretion in E. coli. 
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Transgenic non-human animals 

The invention provides transgenic non-human animals comprising a 
nucleic acid, a polypeptide (e.g., an amylase), an expression cassette or vector or a 
transfected or transformed cell of the invention. The invention also provides methods of 
5 making and using these transgenic non-human animals. 

The transgenic non-human animals can be, e.g., goats, rabbits, sheep, pigs, 
cows, rats and mice, comprising the nucleic acids of the invention. These animals can be 
used, e.g., as in vivo models to study amylase activity, or, as models to screen for agents 
that change the amylase activity in vivo. The coding sequences for the polypeptides to be 

10 expressed in the transgenic non-human animals can be designed to be constitutive, or, 
under the control of tissue-specific, developmental-specific or inducible transcriptional 
regulatory factors. Transgenic non-human animals can be designed and generated using 
any method known in the art; see, e.g., U.S. Patent Nos. 6,21 1,428; 6,187,992; 6,156,952; 
6,118,044; 6,111,166; 6,107,541; 5,959,171; 5,922,854; 5,892,070; 5,880,327; 5,891,698; 

15 5,639,940; 5,573,933; 5,387,742; 5,087,571, describing making and using transformed 
cells and eggs and transgenic mice, rats, rabbits, sheep, pigs and cows. See also, e.g., 
Pollock (1999) J. Immunol. Methods 231:147-157, describing the production of 
recombinant proteins in the milk of transgenic dairy animals; Baguisi (1999) Nat. 
Biotechnol. 17:456-461 , demonstrating the production of transgenic goats. U.S. Patent 

20 No. 6,21 1,428, describes making and using transgenic non-human mammals which 

express in their brains a nucleic acid construct comprising a DNA sequence. U.S. Patent 
No. 5,387,742, describes injecting cloned recombinant or synthetic DNA sequences into 
fertilized mouse eggs, implanting the injected eggs in pseudo-pregnant females, and 
growing to term transgenic mice whose cells express proteins related to the pathology of 

25 Alzheimer's disease. U.S. Patent No. 6,187,992, describes making and using a transgenic 
mouse whose genome comprises a disruption of the gene encoding amyloid precursor 
protein (APP). 

"Knockout animals" can also be used to practice the methods of the 
invention. For example, in one aspect, the transgenic or modified animals of the 
30 invention comprise a "knockout animal," e.g., a "knockout mouse," engineered not to 
express an endogenous gene, which is replaced with a gene expressing an amylase of the 
invention, or, a fusion protein comprising an amylase of the invention. 
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Transgenic Plants and Seeds 

The invention provides transgenic plants and seeds comprising a nucleic 
acid, a polypeptide (e.g., an amylase, such as an alpha amylase), an expression cassette or 
vector or a transfected or transformed cell of the invention. The invention also provides 
5 plant products, e.g., oils, seeds, leaves, extracts and the like, comprising a nucleic acid 
and/or a polypeptide (e.g., an amylase, such as an alpha amylase) of the invention. The 
transgenic plant can be dicotyledonous (a dicot) or monocotyledonous (a monocot). The 
invention also provides methods of making and using these transgenic plants and seeds. 
The transgenic plant or plant cell expressing a polypeptide of the present invention may 

10 be constructed in accordance with any method known in the art. See, for example, U.S. 
Patent No. 6,309,872. 

Nucleic acids and expression constructs of the invention can be introduced 
into a plant cell by any means. For example, nucleic acids or expression constructs can 
be introduced into the genome of a desired plant host, or, the nucleic acids or expression 

15 constructs can be episomes. Introduction into the genome of a desired plant can be such 
that the host's a-amylase production is regulated by endogenous transcriptional or 
translational control elements. The invention also provides "knockout plants" where 
insertion of gene sequence by, e.g., homologous recombination, has disrupted the 
expression of the endogenous gene. Means to generate "knockout" plants are well-known 

20 in the art, see, e.g., Strepp (1998) Proc Natl. Acad. Sci. USA 95:4368-4373; Miao (1995) 
Plant J 7:359-365. See discussion on transgenic plants, below. 

The nucleic acids of the invention can be used to confer desired traits on 
essentially any plant, e.g., on starch-producing plants, such as potato, wheat, rice, barley, 
and the like. Nucleic acids of the invention can be used to manipulate metabolic 

25 pathways of a plant in order to optimize or alter host's expression of a-amylase. The can 
change the ratio of starch/sugar conversion in a plant. This can facilitate industrial 
processing of a plant. Alternatively, alpha-amylases of the invention can be used in 
production of a transgenic plant to produce a compound not naturally produced by that 
plant. This can lower production costs or create a novel product. 

30 In one aspect, the first step in production of a transgenic plant involves 

making an expression construct for expression in a plant cell. These techniques are well 
known in the art. They can include selecting and cloning a promoter, a coding sequence 
for facilitating efficient binding of ribosomes to mRNA and selecting the appropriate 
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gene terminator sequences. One exemplary constitutive promoter is CaMV35S, from the 
cauliflower mosaic virus, which generally results in a high degree of expression in plants. 
Other promoters are more specific and respond to cues in the plant's internal or external 
environment. An exemplary light-inducible promoter is the promoter from the cab gene, 
5 encoding the major chlorophyll a/b binding protein. 

In one aspect, the nucleic acid is modified to achieve greater expression in 
a plant cell. For example, a sequence of the invention is likely to have a higher 
percentage of A-T nucleotide pairs compared to that seen in a plant, some of which prefer 
G-C nucleotide pairs. Therefore, A-T nucleotides in the coding sequence can be 

10 substituted with G-C nucleotides without significantly changing the amino acid sequence 
to enhance production of the gene product in plant cells. 

Selectable marker gene can be added to the gene construct in order to 
identify plant cells or tissues that have successfully integrated the transgene. This may be 
necessary because achieving incorporation and expression of genes in plant cells is a rare 

15 event, occurring in just a few percent of the targeted tissues or cells. Selectable marker 
genes encode proteins that provide resistance to agents that are normally toxic to plants, 
such as antibiotics or herbicides. Only plant cells that have integrated the selectable 
marker gene will survive when grown on a medium containing the appropriate antibiotic 
or herbicide. As for other inserted genes, marker genes also require promoter and 

20 termination sequences for proper function. 

In one aspect, making transgenic plants or seeds comprises incorporating 
sequences of the invention and, optionally, marker genes into a target expression 
construct (e.g., a plasmid), along with positioning of the promoter and the terminator 
sequences. This can involve transferring the modified gene into the plant through a 

25 suitable method. For example, a construct may be introduced directly into the genomic 
DNA of the plant cell using techniques such as electroporation and microinjection of 
plant cell protoplasts, or the constructs can be introduced directly to plant tissue using 
ballistic methods, such as DNA particle bombardment. For example, see, e.g., Christou 
(1997) Plant Mol. Biol. 35:197-203; Pawlowski (1996) Mol. Biotechnol. 6:17-30; Klein 

30 (1987) Nature 327:70-73; Takumi (1 997) Genes Genet. Syst. 72:63-69, discussing use of 
particle bombardment to introduce transgenes into wheat; and Adam (1997) supra, for use 
of particle bombardment to introduce YACs into plant cells. For example, Rinehart 
(1997) supra, used particle bombardment to generate transgenic cotton plants. Apparatus 
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for accelerating particles is described U.S. Pat. No. 5,015,580; and, the commercially 
available BioRad (Biolistics) PDS-2000 particle acceleration instrument; see also, John, 
U.S. Patent No. 5,608,148; and Ellis, U.S. Patent No. 5, 681,730, describing particle- 
mediated transformation of gymnosperms. 

In one aspect, protoplasts can be immobilized and injected with a nucleic 
acids, e.g., an expression construct. Although plant regeneration from protoplasts is not 
easy with cereals, plant regeneration is possible in legumes using somatic embryogenesis 
from protoplast derived callus. Organized tissues can be transformed with naked DNA 
using gene gun technique, where DNA is coated on tungsten microprojectiles, shot 
1/1 00th the size of cells, which carry the DNA deep into cells and organelles. 
Transformed tissue is then induced to regenerate, usually by somatic embryogenesis. This 
technique has been successful in several cereal species including maize and rice. 

Nucleic acids, e.g., expression constructs, can also be introduced in to 
plant cells using recombinant viruses. Plant cells can be transformed using viral vectors, 
such as, e.g., tobacco mosaic virus derived vectors (Rouwendal (1997) Plant Mol. Biol. 
33:989-999), see Porta (1 996) "Use of viral replicons for the expression of genes in 
plants," Mol. Biotechnol. 5:209-221. 

Alternatively, nucleic acids, e.g., an expression construct, can be combined 
with suitable T-DNA flanking regions and introduced into a conventional Agrobacterium 
tumefaciens host vector. The virulence functions of the Agrobacterium tumefaciens host 
will direct the insertion of the construct and adjacent marker into the plant cell DNA 
when the cell is infected by the bacteria. Agrobacterium tumefaciens-mc&xdlzd 
transformation techniques, including disarming and use of binary vectors, are well 
described in the scientific literature. See, e.g., Horsch (1984) Science 233:496-498; 
Fraley (1983) Proa Natl. Acad, Sci. USA 80:4803 (1983); Gene Transfer to Plants, 
Potrykus, ed. (Springer- Verlag, Berlin 1995). The DNA in an A. tumefaciens cell is 
contained in the bacterial chromosome as well as in another structure known as a Ti 
(tumor-inducing) plasmid. The Ti plasmid contains a stretch of DNA termed T-DNA (-20 
kb long) that is transferred to the plant cell in the infection process and a series of vir 
(virulence) genes that direct the infection process. A. tumefaciens can only infect a plant 
through wounds: when a plant root or stem is wounded it gives off certain chemical 
signals, in response to which, the vir genes of A. tumefaciens become activated and direct 
a series of events necessary for the transfer of the T-DNA from the Ti plasmid to the 
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plant's chromosome. The T-DN A then enters the plant cell through the wound. One 
speculation is that the T-DNA waits until the plant DNA is being replicated or 
transcribed, then inserts itself into the exposed plant DNA. In order to use A. tumefaciens 
as a transgene vector, the tumor-inducing section of T-DNA have to be removed, while 
5 retaining the T-DNA border regions and the vir genes. The transgene is then inserted 
between the T-DNA border regions, where it is transferred to the plant cell and becomes 
integrated into the plant's chromosomes. 

The invention provides for the transformation of monocotyledonous plants 
using the nucleic acids of the invention, including important cereals, see Hiei (1997) Plant 

10 Mol. Biol. 35:205-218. See also, e.g., Horsch, Science (1984) 233:496; Fraley (1983) 
Proc. Natl Acad. Sci USA 80:4803; Thykjaer (1997) supra; Park (1996) Plant Mol. Biol. 
32:1 135- 1 148, discussing T-DNA integration into genomic DNA. See also D'Halluin, 
U.S. Patent No. 5,712,135, describing a process for the stable integration of a DNA 
comprising a gene that is functional in a cell of a cereal, or other monocotyledonous 

15 plant. 

In one aspect, the third step can involve selection and regeneration of 
whole plants capable of transmitting the incorporated target gene to the next generation. 
Such regeneration techniques rely on manipulation of certain phytohormones in a tissue 
culture growth medium, typically relying on a biocide and/or herbicide marker that has 

20 been introduced together with the desired nucleotide sequences. Plant regeneration from 
cultured protoplasts is described in Evans et al., Protoplasts Isolation and Culture, 
Handbook of Plant Cell Culture, pp. 124-176, MacMillilan Publishing Company, New 
York, 1983; and Binding, Regeneration of Plants, Plant Protoplasts, pp. 21-73, CRC 
Press, Boca Raton, 1985. Regeneration can also be obtained from plant callus, explants, 

25 organs, or parts thereof. Such regeneration techniques are described generally in Klee 
(1987) Ann. Rev. of Plant Phys. 38:467-486. To obtain whole plants from transgenic 
tissues such as immature embryos, they can be grown under controlled environmental 
conditions in a series of media containing nutrients and hormones, a process known as 
tissue culture. Once whole plants are generated and produce seed, evaluation of the 

30 progeny begins. 

After the expression cassette is stably incorporated in transgenic plants, it 
can be introduced into other plants by sexual crossing. Any of a number of standard 
breeding techniques can be used, depending upon the species to be crossed. Since 
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transgenic expression of the nucleic acids of the invention leads to phenotypic changes, 
plants comprising the recombinant nucleic acids of the invention can be sexually crossed 
with a second plant to obtain a final product. Thus, the seed of the invention can be 
derived from a cross between two transgenic plants of the invention, or a cross between a 
plant of the invention and another plant. The desired effects (e.g., expression of the 
polypeptides of the invention to produce a plant in which flowering behavior is altered) 
can be enhanced when both parental plants express the polypeptides (e.g., an amylase, 
such as an alpha amylase) of the invention. The desired effects can be passed to future 
plant generations by standard propagation means. 

The nucleic acids and polypeptides of the invention are expressed in or 
inserted in any plant or seed. Transgenic plants of the invention can be dicotyledonous or 
monocotyledonous. Examples of monocot transgenic plants of the invention are grasses, 
such as meadow grass (blue grass, Pod), forage grass such as festuca, lolium, temperate 
grass, such as Agrostis 9 and cereals, e.g., wheat, oats, rye, barley, rice, sorghum, and 
maize (corn). Examples of dicot transgenic plants of the invention are tobacco, legumes, 
such as lupins, potato, sugar beet, pea, bean and soybean, and cruciferous plants (family 
Brassicaceae), such as cauliflower, rape seed, and the closely related model organism 
Arabidopsis thaliana. Thus, the transgenic plants and seeds of the invention include a 
broad range of plants, including, but not limited to, species from the genera Anacardium, 
Arachis, Asparagus, Atropa, Avena, Brassica, Citrus, Citrullus, Capsicum, Carthamus, 
Cocos, Coffea, Cucumis, Cucurbita, Daucus, Elaeis, Fragaria, Glycine, Gossypium, 
Helianthus, Heterocallis, Hordeum, Hyoscyamus, Lactuca, Linum, Lolium, Lupinus, 
Lycopersicon, Malus, Manihot, Majorana, Medicago, Nicotiana, Olea, Oryza, Panieum, 
Pannisetum, Persea, Phaseolus, Pistachia, Pisum, Pyrus, Prunus, Raphanus, Ricinus, 
Secale, Senecio, Sinapis, Solarium, Sorghum, Theobromus, Trigonella, Triticum, Vicia, 
Vitis, Vigna, and Zea. 

In alternative embodiments, the nucleic acids of the invention are 
expressed in plants which contain fiber cells, including, e.g., cotton, silk cotton tree 
(Kapok, Ceiba pentandra), desert willow, creosote bush, winterfat, balsa, ramie, kenaf, 
hemp, roselle, jute, sisal abaca and flax. In alternative embodiments, the transgenic plants 
of the invention can be members of the genus Gossypium, including members of any 
Gossypium species, such as G. arboreum\, G. herbaceum, G. barbadense, and G. 
hirsutum. 
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The invention also provides for transgenic plants to be used for producing 
large amounts of the polypeptides (e.g., an amylase, such as an alpha amylase) of the 
invention. For example, see Palmgren (1997) Trends Genet. 13:348; Chong (1997) 
Transgenic Res. 6:289-296 (producing human milk protein beta-casein in transgenic 
5 potato plants using an auxin-inducible, bidirectional mannopine synthase (masr,2 f ) 
promoter with Agrobacterium tumefaciens-mediated leaf disc transformation methods). 

Using known procedures, one of skill can screen for plants of the invention 
by detecting the increase or decrease of transgene mRNA or protein in transgenic plants. 
Means for detecting and quantitation of mRNAs or proteins are well known in the art. 

10 Polypeptides and peptides 

In one aspect, the invention provides isolated or recombinant polypeptides 
having a sequence identity (e.g., at least about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 
72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 

15 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or 
complete (100%) sequence identity) to an exemplary sequence of the invention, e.g., SEQ 
ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO: 10, SEQ ID NO:12, SEQ ID NO:14, 
SEQ ID NO: 1 6, SEQ ID NO: 1 8, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ 
ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID 

20 NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID 
NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID 
NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID 
NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ ID 
NO:76, SEQ ID NO:78, SEQ ID NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID 

25 NO:86, SEQ ID NO:88, SEQ ID NO:90, SEQ ID NO:92, SEQ ID NO:94, SEQ ID 
NO:96, SEQ ID NO:98, SEQ ID NO:100, SEQ ID NO:102, SEQ ID NO:104, SEQ ID 
NO: 106, SEQ ID NO: 108, SEQ ID NO:l 10, SEQ ID NO: 1 12, SEQ ID NO: 1 14, SEQ ID 
NO: 1 1 6, SEQ ID NO: 1 1 8, SEQ ID NO: 1 20, SEQ ID NO: 1 22, SEQ ID NO: 1 24, SEQ ID 
NO: 126, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID 

30 NO: 136, SEQ ID NO: 138, SEQ ID NO: 140, SEQ ID NO: 142, SEQ ID NO: 144, SEQ ID 
NO: 146, SEQ ID NO: 148, SEQ ID NO: 150, SEQ ID NO: 152, SEQ ID NO: 154, SEQ ID 
NO: 156, SEQ ID NO: 158, SEQ ID NO: 160, SEQ ID NO: 162, SEQ ID NO: 164, SEQ ID 
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10 



15 



20 



25 



30 



NO: 166, SEQ ID NO: 168, SEQ ID NO: 190, SEQ ID NO: 192, SEQ ID NO: 194 
NO:204, SEQ ID NO:206, SEQ ID NO:208, SEQ ID NO:210, SEQ ID NO:212 
NO.323, SEQ ID NO:325, SEQ ID NO:327, SEQ ID NO:329, SEQ ID NO:331 
NO:333, SEQ ID NO:335, SEQ ID NO:337, SEQ ID NO:339, SEQ ID NO:341 
NO:343, SEQ ID NO:345, SEQ ID NO:347, SEQ ID NO:349, SEQ ID NO:351 
NO:353, SEQ ID NO:355, SEQ ID NO:357, SEQ ID NO:359, SEQ ID NO:361 
NO:363, SEQ ID NO:365, SEQ ID NO:367, SEQ ID NO:369, SEQ ID NO:371 
NO:373, SEQ ID NO:375, SEQ ID NO:377, SEQ ID NO:379, SEQ ID NO:381 
NO:383, SEQ ID NO:385, SEQ ID NO:387, SEQ ID NO:389, SEQ ID NO:391 
NO:393, SEQ ID NO:395, SEQ ID NO:397, SEQ ID NO:399, SEQ ID NO:401 
NO:403, SEQ ID NO:405, SEQ ID NO:407, SEQ ID NO:409, SEQ ID NO:41 1 
NO:413, SEQ ID NO:415, SEQ ID NO:417, SEQ ID NO:419, SEQ ID NO:421 
NO:423, SEQ ID NO:425, SEQ ID NO:427, SEQ ID NO:429, SEQ ID NO:431 
NO:433, SEQ ID NO:435, SEQ ID NO:437, SEQ ID NO:439, SEQ ID NO:441 
NO:443, SEQ ID NO:445, SEQ ID NO:447, SEQ ID NO:449, SEQ ID NO:45 1 
NO:453, SEQ ID NO:455, SEQ ID NO:457, SEQ ID NO:459, SEQ ID NO:461 
NO:461, SEQ ID NO:463, SEQ ID NO:464, SEQ ID NO:466, SEQ ID NO:468 
NO:469, SEQ ID NO:470, SEQ ID NO:471, SEQ ID NO:472, SEQ ID NO:474 
NO:476, SEQ ID NO:477, SEQ ID NO:479, SEQ ID NO:481, SEQ ID NO:482 
NO:483, SEQ ID NO:485, SEQ ID NO:487, SEQ ID NO:488, SEQ ID NO:489 
NO:490, SEQ ID NO:491, SEQ ID NO:493, SEQ ID NO:495, SEQ ID NO:496 
NO:497, SEQ ID NO:499, SEQ ID NO:501, SEQ ID NO:502, SEQ ID NO:503 
NO:504, SEQ ID NO:505, SEQ ID NO:506, SEQ ID NO:507, SEQ ID NO:508 
NO:510, SEQ ID NO:512, SEQ ID NO:513, SEQ ID NO:514, SEQ ID NO:516 
NO:518, SEQ ID NO:518, SEQ ED NO:520, SEQ ID NO:521, SEQ ID NO:523 
NO:525, SEQ ID NO:526, SEQ ID NO:528, SEQ ID NO:530, SEQ ID NO:531 
NO:533, SEQ ID NO:535, SEQ ID NO:536, SEQ ID NO:537, SEQ ID NO:538 
NO:540, SEQ ID NO:542, SEQ ID NO:543, SEQ ID NO:545, SEQ ID NO:547 
NO:548, SEQ ID NO:549, SEQ ID NO:550, SEQ ID NO:551, SEQ ID NO:553 
NO:555, SEQ ID NO:556, SEQ ID NO:557, SEQ ID NO:559, SEQ ID NO:561 
NO:562, SEQ ID NO:563, SEQ ID NO:564, SEQ ID NO:566, SEQ ID NO:568 
NO:570, SEQ ID NO:572, SEQ ID NO:574, SEQ ID NO:576, SEQ ID NO:578 
NO:580, SEQ ID NO:582, SEQ ID NO:584, SEQ ID NO:586, SEQ ID NO:588 



SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ID 
SEQ ED 
SEQ ID 
SEQ ID 



112 



WO 2004/091544 



PCT/US2004/007096 



NO:589, SEQ ID NO:590, SEQ ID NO:591, SEQ ID NO:592, SEQ ID NO:594, SEQ ID 
NO:604, SEQ ID NO:606, SEQ ID NO.608, SEQ ID NO:610, SEQ ID NO:612, SEQ ID 
NO:614, SEQ ID NO:616, SEQ ID NO:618, SEQ ID NO:620 or SEQ ID NO:622, and 
subsequences thereof and variants thereof In one aspect, the polypeptide has an amylase 
5 activity, e.g., an alpha amylase activity or a glucoamylase activity. 

The identity can be over the full length of the polypeptide, or, the identity 
can be over a region of at least about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 
80, 90, 100, 125, 150, 175, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700 or more 
residues. Polypeptides of the invention can also be shorter than the full length of 

10 exemplary polypeptides. In alternative aspects, the invention provides polypeptides 

(peptides, fragments) ranging in size between about 5 and the full length of a polypeptide, 
e.g., an enzyme, such as an amylase; exemplary sizes being of about 5, 10, 15, 20, 25, 30, 
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 100, 125, 150, 175, 200, 250, 300, 350, 400, 
450, 500, 550, 600, 650, 700, or more residues, e.g., contiguous residues of an exemplary 

15 amylase of the invention. Peptides of the invention can be useful as, e.g., labeling probes, 
antigens, toleragens, motifs, amylase active sites. 

For example, the following table summarizes characteristics (e.g., activity, 
initial source, signal sequence location and exemplary signal sequence) of exemplary 
polypeptides of the invention. For example, the polypeptide having a sequence as set 

20 forth in SEQ ID NO:437, encoded by SEQ ID NO:436, was artificially generated; the 
polypeptide having a sequence as set forth in SEQ ID NO:439, encoded by SEQ ID 
NO:438, has amylase activity under alkaline conditions and was initially derived 
(isolated) from an unknown source; the polypeptide having a sequence as set forth in SEQ 
ID NO:441, encoded by SEQ ID NO:440, has amylase activity under alkaline conditions 

25 and was initially derived (isolated) from an unknown source, and has a signal sequence 
consisting of amino acid residues 1 to 32 of SEQ ID NO:441 ("AA 1-32*); see also 
discussion below regarding signal sequences of the invention, etc.: 



SEQ ID Signal 
NO:P NOTES Source location Signal Sequence 

Reassembled 
436, 437 amylase Artificial 

ALKALINE 
438, 439 AMYLASE Unknown 
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440, 441 

442, 443 

444, 445 
446, 447 

448, 449 



ALKALINE 
AMYLASE 

ALKALINE 
AMYLASE 

ALKALINE 
AMYLASE 
ALKALINE 
AMYLASE 

ALKALINE 
AMYLASE 



Unknown 

Unknown 

Unknown 
Unknown 

Unknown 



AA1-32 
AA1-27 
AA1-24 



MNQIVNFKSHFYRKIALLFSITFI 

WAAGSLSA 

MNRYLRLAALTLALAPLAYPWG 

NLVRA 

MTPFGQPMMPGARMAAANMA 

PVRA 



AA1 -23 MRLIMKKMIILITLAWVFTGCES 



ALKALINE 
450, 451 AMYLASE 

ALKALINE 
452, 453 AMYLASE 



454, 455 
456, 457 
458, 459 



ALKALINE 
AMYLASE 

ALKALINE 
AMYLASE 

ALKALINE 
AMYLASE 



Unknown 



Unknown 



Unknown 
Unknown 
Unknown 



MNDSINLYNFFPYNRPMSINKTN 
TMKQMINWLGSLALLMLLLSCG 
AA1-49 EATE 

MMQLNPWFSTTLKAAGLATALA 
AA1 -34 AVSACQPASESA 



AA1-37 
AA1-26 
AA1-29 



MDLLEYKNTIQRRQTMTDRKLL 

FIVATVILAVLVSFS 

MMQLNPWFSASLKAAGLATALA 

AVSA 

MFKVSLRSKDMKKLSLIVTILVLA 

LTLSA 



460, 461. fungal 
462-466 fungal 



467-474 fungal 
475-479 fungal 

480-485 fungal 



Cochliobolus 
heterostrophus 
ATCC 48331 

Fungal 

Cochliobolus 
heterostrophus 
ATCC 48331 

Fungal 
Fungal 



AA1-22 



MSRSSTILFVLAAANLASLVDA 



NOTE: AA1-122 may be removed and the 
remaining DNA/protein sequences still 

encode for an amylase 



AA1-19 



MKFSLLATIVASISPLARA 



486-493 fungal 

494-499 fungal 

500-510 fungal 

511-516 fungal 

51 7, 51 8 fungal 

519-523 fungal 

524-528 fungal 



Fungal 

Fungal 
Fungal 

Fungal 

Fungal 
Fungal 
Fungal 



MRRKSTDKYKKVSIRAHLAACE 
QLAISKMLFSRTATILSLLCVQAT 
AA1-54 AISPRGSA 

AA1 -22 MGFSKMLLGALIGIASLNGVQS 



AA1 -21 MKYSIIPFVPLFAGLSRAASS 

MNMNIFLLIISLAFFSTVNCYTMS 
AA1-26 NA 
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529-533 fungal 



534-540 fungal 
541 -545 fungal 

546-553 fungal 



554-559 fungal 



560-566 fungal 

ALKALINE 
567, 568 AMYLASE 



Cochliobolus 
heterostrophus 
ATCC 48331 

Cochliobolus 
heterostrophus 
ATCC 48331 
Fungal 

Fungal 



Fungal 
Unknown 



AA1-20 



Cochliobolus 

heterostrophus 

ATCC 48331 AA1-19 



MLLLNIFTTLFFYITCIVSA 



AA1 -23 MASSLLSSLSSISTFNSTQILQA 



MTTALSSGQVAPTPHTAAA 



MLTTSERKTSTAFVTWSMLWW 
AA1 -33 LLTSFVKDVHA 



569, 570 

571, 572 

573, 574 
575, 576 



577, 578 

579, 580 

581 , 582 
583, 584 

585, 586 

587-594 GLUCOAMYLASE 



603, 604 



Thermococcus 

alcaliphilus 

AEDII12RA 

Unknown 

Bacteria 
Unknown 



Unknown 

Unknown 

Unknown 
Unknown 

Bacteria 

Thermomyces 
lanuginosus 
ATCC 200065 



Unknown 



AA1-28 
AA1-27 



AA1-34 
AA1-29 
AA1-27 



AA1-31 



MQSNGNVKGRSAVLALALLLLT 

AVAATA 

MKKTFKLILVLMLSLTLVFGLTAP 

IQA 



MKPFLKKSIITLLASTCLFTAWLI 

PSIAVPTVSA 

MFKRRALGFLLAFLLVFTAVFGS 

MPMEFA 

MKKFYKLTTALALSLSLALSLLG 

PAHA 



MSLFKKSFPWILSLLLLFLFIAPF 
AA1-28 SIQT 



AA1 -23 MLFQPTLCAALGLAALIVQGGEA 



605, 606 



Unknown 



AA1-34 



MQNTAKNSIWQRVRHSAIALSA 

LSLSFGLQA 

M VN H LKKW I AG M ALTLALLTGT 

WPGLPVQVASA 



607, 608 



Unknown 
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609, 610 
611, 612 



Unknown 
Unknown 



MQNTAKNSIWQRVRHSAIALSA 
AA1-31 LSLSFGLQA 



613, 614 



Unknown 



MQNTAKNSIWQRVRHSAIALSA 
AA1-31 LSLSFGLQA 



615, 616 
617, 618 
61 9, 620 



Unknown 
Unknown 
Bacteria 



AA1-34 
AA1-27 
AA1-29 



MS E RG VR RA VRTAL VG LAAAAT 

AAVTLGAPTAQA 

MNRYLRLAALTLALAPLAYPWG 

NLARA 

MARKSVAAALALVAGAAAVAVT 

GNTAAQA 



621, 622 



Unknown 



MQNTAKNSIWQRVRHSAIALSA 
AA1-31 LSLSFGLQA 



Polypeptides and peptides of the invention can be isolated from natural 
sources, be synthetic, or be recombinantly generated polypeptides. Peptides and proteins 
can be recombinantly expressed in vitro or in vivo. The peptides and polypeptides of the 
invention can be made and isolated using any method known in the art. Polypeptide and 
peptides of the invention can also be synthesized, whole or in part, using chemical 
methods well known in the art. See e.g., Caruthers (1980) Nucleic Acids Res. Symp. Ser. 
215-223; Horn (1980) Nucleic Acids Res. Symp. Ser. 225-232; Banga, A.K., Therapeutic 
Peptides and Proteins, Formulation, Processing and Delivery Systems (1995) Technomic 
Publishing Co., Lancaster, PA. For example, peptide synthesis can be performed using 
various solid-phase techniques (see e.g., Roberge (1995) Science 269:202; Merrifield 
(1997) Methods Enzymol. 289:3-13) and automated synthesis maybe achieved, e.g., 
using the ABI 431 A Peptide Synthesizer (Perkin Elmer) in accordance with the 
instructions provided by the manufacturer. 

The peptides and polypeptides of the invention can also be glycosylated. 
The glycosylation can be added post-translationally either chemically or by cellular 
biosynthetic mechanisms, wherein the later incorporates the use of known glycosylation 
motifs, which can be native to the sequence or can be added as a peptide or added in the 
nucleic acid coding sequence. The glycosylation can be O-linked or N-linked. 
Glycosylation can be added to any polypeptide of the invention to generate an enzyme 
that is more thermotolerant or thermostable than the "parent" enzyme (to which the 
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glycosylation was added). The glycosylation can be added by either chemical or by 
cellular biosynthetic mechanisms. 

The invention provides amylases having a broad range of specific activity 
over a broad range of temperatures, e.g., at about 37°C in the range from about 10 to 

5 10,000, or, 100 to about 1000 units per milligram of protein. Amylases of the invention 
can also have activity at temperatures as high as 120°C. In alternative aspects, the 
amylase used in these methods is active at these temperatures, e.g., active at temperatures 
in a range of between about 80°C to about 1 15°C, between about 100°C to about 1 10°C, 
and from about 105°C to about 108°C. However, amylases of the invention can also have 

10 activity at low temperatures, e.g., as low as 4°C to 5°C. 

The Tm of an enzyme of the invention can be shifted (for example, can be 
shifted between about 10°C to 90°C) by heat activation. For example, the Tm of SEQ ID 
NO:336/337 can be shifted about 17°C to 87°C by heat activation: for example, 80°C 
preincubation for 5 minutes. 

1 5 The peptides and polypeptides of the invention, as defined above, include 

all "mimetic" and "peptidomimetic" forms. The terms "mimetic 1 ' and "peptidomimetic" 
refer to a synthetic chemical compound which has substantially the same structural and/or 
functional characteristics of the polypeptides of the invention. The mimetic can be either 
entirely composed of synthetic, non-natural analogues of amino acids, or, is a chimeric 

20 molecule of partly natural peptide amino acids and partly non-natural analogs of amino 
acids. The mimetic can also incorporate any amount of natural amino acid conservative 
substitutions as long as such substitutions also do not substantially alter the mimetic' s 
structure and/or activity. As with polypeptides of the invention which are conservative 
variants, routine experimentation will determine whether a mimetic is within the scope of 

25 the invention, i.e., that its structure and/or function is not substantially altered. Thus, in 
one aspect, a mimetic composition is within the scope of the invention if it has an 
amylase activity. 

Polypeptide mimetic compositions of the invention can contain any 
combination of non-natural structural components. In alternative aspect, mimetic 
30 compositions of the invention include one or all of the following three structural groups: 
a) residue linkage groups other than the natural amide bond ("peptide bond") linkages; b) 
non-natural residues in place of naturally occurring amino acid residues; or c) residues 
which induce secondary structural mimicry, i.e., to induce or stabilize a secondary 
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structure, e.g., a beta turn, gamma turn, beta sheet, alpha helix conformation, and the like. 
For example, a polypeptide of the invention can be characterized as a mimetic when all or 
some of its residues are joined by chemical means other than natural peptide bonds. 
Individual peptidomimetic residues can be joined by peptide bonds, other chemical bonds 
5 or coupling means, such as, e.g., glutaraldehyde, N-hydroxysuccinimide esters, 
Afunctional maleimides, N^'-dicyclohexylcarbodiimide (DCC) or N,N'- 
diisopropylcarbodiimide (DIC). Linking groups that can be an alternative to the 
traditional amide bond ("peptide bond") linkages include, e.g., k'etomethylene (e.g., - 
C(=0)-CH 2 - for -C(=0)-NH-), aminomethylene (CH 2 -NH), ethylene, olefin (CH=CH), 
10 ether (CH 2 -0), thioether (CH 2 -S), tetrazole (CN 4 -), thiazole, retroamide, thioamide, or 
ester (see, e.g., Spatola (1983) in Chemistry and Biochemistry of Amino Acids, Peptides 
and Proteins, Vol. 7, pp 267-357, "Peptide Backbone Modifications," Marcell Dekker, 
NY). 

A polypeptide of the invention can also be characterized as a mimetic by 

15 containing all or some non-natural residues in place of naturally occurring amino acid 
residues. Non-natural residues are well described in the scientific and patent literature; a 
few exemplary non-natural compositions useful as mimetics of natural amino acid 
residues and guidelines are described below. Mimetics of aromatic amino acids can be 
generated by replacing by, e.g., D- or L- naphylalanine; D- or L- phenylglycine; D- or L- 

20 2 thieneyl alanine; D- or L-l, -2, 3-, or 4- pyreneylalanine; D- or L-3 thieneylalanine; D- 
or L-(2-pyridinyl)-alanine; D- or L-(3-pyridinyl)-alanine; D- or L-(2-pyrazinyl)-alanine; 
D- or L-(4-isopropyl)-phenylglycine; D-(trifluoromethyl)-phenylglycine; D- 
(trifluoromethyl)-phenylalanine; D-p-fluoro-phenylalanine; D- or L-p- 
biphenylphenylalanine; D- or L-p-methoxy-biphenylphenylalanine; D- or L-2- 

25 indole(alkyl)alanines; and, D- or L-alkylainines, where alkyl can be substituted or 

unsubstituted methyl, ethyl, propyl, hexyl, butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, 
iso-pentyl, or a non-acidic amino acids. Aromatic rings of a non-natural amino acid 
include, e.g., thiazolyl, thiophenyl, pyrazolyl, benzimidazolyl, naphthyl, furanyl, pyrrolyl, 
and pyridyl aromatic rings. 

30 Mimetics of acidic amino acids can be generated by substitution by, e.g., 

non-carboxylate amino acids while maintaining a negative charge; (phosphono)alanine; 
sulfated threonine. Carboxyl side groups (e.g., aspartyl or glutamyl) can also be 
selectively modified by reaction with carbodiimides (R'-N-C-N-R') such as, e.g., 1- 
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cyclohexyl-3(2-morpholinyl-(4-ethyl) carbodiimide or l-ethyl-3(4-azonia- 4,4- 
dimetholpentyl) carbodiimide. Aspartyl or glutamyl can also be converted to asparaginyl 
and glutaminyl residues by reaction with ammonium ions. Mimetics of basic amino acids 
can be generated by substitution with, e.g., (in addition to lysine and arginine) the amino 
5 acids ornithine, citrulline, or (guanidino)-acetic acid, or (guanidino)alkyl-acetic acid, 
where alkyl is defined above. Nitrile derivative (e.g., containing the CN-moiety in place 
of COOH) can be substituted for asparagine or glutamine. Asparaginyl and glutaminyl 
residues can be deaminated to the corresponding aspartyl or glutamyl residues. Arginine 
residue mimetics can be generated by reacting arginyl with, e.g., one or more 

10 conventional reagents, including, e.g., phenyl glyoxal, 2,3-butanedione, 1,2-cyclo- 
hexanedione, or ninhydrin, preferably under alkaline conditions. Tyrosine residue 
mimetics can be generated by reacting tyrosyl with, e.g., aromatic diazonium compounds 
or tetranitromethane. N-acetylimidizol and tetranitromethane can be used to form O- 
acetyl tyrosyl species and 3-nitro derivatives, respectively. Cysteine residue mimetics 

15 can be generated by reacting cysteinyl residues with, e.g., alpha-haloacetates such as 2- 
chloroacetic acid or chloroacetamide and corresponding amines; to give carboxymethyl or 
carboxyamidomethyl derivatives. Cysteine residue mimetics can also be generated by 
reacting cysteinyl residues with, e.g., bromo-trifluoroacetone, alpha-bromo-beta-(5- 
imidozoyl) propionic acid; chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl 

20 disulfide; methyl 2-pyridyl disulfide; p-chloromercuribenzoate; 2-chloromercuri-4 

nitrophenol; or, chloro-7-nitrobenzo -oxa-1 ,3-diazole. Lysine mimetics can be generated 
(and amino terminal residues can be altered) by reacting lysinyl with, e.g., succinic or 
other carboxylic acid anhydrides. Lysine and other alpha-amino-containing residue 
mimetics can also be generated by reaction with imidoesters, such as methyl 

25 picolinimidate, pyridoxal phosphate, pyridoxal, chloroborohydride, trinitro- 

benzenesulfonic acid, O-methylisourea, 2,4, pentanedione, and transamidase-catalyzed 
reactions with glyoxylate. Mimetics of methionine can be generated by reaction with, 
e.g., methionine sulfoxide. Mimetics of proline include, e.g., pipecolic acid, thiazolidine 
carboxylic acid, 3- or 4- hydroxy proline, dehydroproline, 3- or 4-methyIproline, or 3,3,- 

30 dimethylproline. Histidine residue mimetics can be generated by reacting histidyl with, 
e.g., diethylprocarbonate or para-bromophenacyl bromide. Other mimetics include, e.g., 
those generated by hydro xylation of proline and lysine; phosphorylation of the hydroxyl 
groups of seryl or threonyl residues; methylation of the alpha-amino groups of lysine, 
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arginine and histidine; acetylation of the N-terminal amine; methylation of main chain 
amide residues or substitution with N-methyl amino acids; or amidation of C-terminal 
carboxyl groups. 

A residue, e.g., an amino acid, of a polypeptide of the invention can also 
5 be replaced by an amino acid (or peptidomimetic residue) of the opposite chirality. Thus, 
any amino acid naturally occurring in the L-configuration (which can also be referred to 
as the R or S, depending upon the structure of the chemical entity) can be replaced with 
the amino acid of the same chemical structural type or a peptidomimetic, but of the 
opposite chirality, referred to as the D- amino acid, but also can be referred to as the R- or 
10 S- form. 

The invention also provides methods for modifying the polypeptides of the 
invention by either natural processes, such as post-translational processing (e.g., 
phosphorylation, acylation, etc), or by chemical modification techniques, and the 
resulting modified polypeptides. Modifications can occur anywhere in the polypeptide, 

15 including the peptide backbone, the amino acid side-chains and the amino or carboxyl 
termini. It will be appreciated that the same type of modification may be present in the 
same or varying degrees at several sites in a given polypeptide. Also a given polypeptide 
may have many types of modifications. Modifications include acetylation, acylation, 
ADP-ribosylation, amidation, covalent attachment of flavin, covalent attachment of a 

20 heme moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent 
attachment of a lipid or lipid derivative, covalent attachment of a phosphatidylinositol, 
cross-linking cyclization, disulfide bond formation, demethylation, formation of covalent 
cross-links, formation of cysteine, formation of pyroglutamate, formylation, gamma- 
carboxylation, glycosylation, GP1 anchor formation, hydroxylation, iodination, 

25 methylation, myristolyation, oxidation, pegylation, proteolytic processing, 

phosphorylation, prenylation, racemization, selenoylation, sulfation, and transfer-RNA 
mediated addition of amino acids to protein such as arginylation. See, e.g., Creighton, 
T.E., Proteins - Structure and Molecular Properties 2nd Ed., W.H. Freeman and 
Company, New York (1993); Posttranslational Covalent Modification of Proteins, B.C. 

30 Johnson, Ed., Academic Press, New York, pp. 1-12 (1983). 

Solid-phase chemical peptide synthesis methods can also be used to 
synthesize the polypeptide or fragments of the invention. Such method have been known 
in the art since the early 1960*5 (Merrifield, R. B., J. Am. Chem. Soc, 85:2149-2154, 
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1963) (See also Stewart, J. M. and Young, J. D., Solid Phase Peptide Synthesis, 2nd Ed., 
Pierce Chemical Co., Rockford, 111., pp. 11-12)) and have recently been employed in 
commercially available laboratory peptide design and synthesis kits (Cambridge Research 
Biochemicals). Such commercially available laboratory kits have generally utilized the 
teachings of H. M. Geysen et al, Proc. Natl. Acad. Sci., USA, 81 :3998 (1984) and provide 
for synthesizing peptides upon the tips of a multitude of "rods" or "pins" all of which are 
connected to a single plate. When such a system is utilized, a plate of rods or pins is 
inverted and inserted into a second plate of corresponding wells or reservoirs, which 
contain solutions for attaching or anchoring an appropriate amino acid to the pin's or rod's 
tips. By repeating such a process step, i.e., inverting and inserting the rod's and pin's tips 
into appropriate solutions, amino acids are built into desired peptides. In addition, a 
number of available FMOC peptide synthesis systems are available. For example, 
assembly of a polypeptide or fragment can be carried out on a solid support using an 
Applied Biosystems, Inc. Model 431 A™ automated peptide synthesizer. Such equipment 
provides ready access to the peptides of the invention, either by direct synthesis or by 
synthesis of a series of fragments that can be coupled using other known techniques. 

The invention provides novel amylases (e.g., alpha amylases), including 
the exemplary enzymes of the invention, nucleic acids encoding them, antibodies that 
bind them, and methods for making and using them. In one aspect, the polypeptides of 
the invention have an amylase activity, as described herein, including, e.g., the ability to 
hydrolyze starches into sugars. In one aspect, the polypeptides of the invention have an 
alpha amylase activity. In alternative aspects, the amylases of the invention have 
activities that have been modified from those of the exemplary amylases described herein. 

The invention includes amylases of the invention with and without signal 
sequences (including signal sequences of the invention, see e.g., Table 3, below, or other 
signal sequences) and the signal sequences themselves (e.g., Table 3, below). The 
invention also include polypeptides (e.g., fusion proteins) comprising a signal sequence of 
the invention, see, e.g., Table 3, below. The polypeptide comprising a signal sequence of 
the invention can be an amylase of the invention or another amylase or another enzyme or 
other polypeptide. 

The invention includes immobilized amylases, anti-amylase antibodies and 
fragments thereof. The invention provides methods for inhibiting amylase activity, e.g., 
using dominant negative mutants or anti-amylase antibodies of the invention. The 
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invention includes heterocomplexes, e.g., fusion proteins, heterodimers, etc., comprising 
the amylases of the invention. 

In one aspect, amylases (e.g., alpha amylases) of the invention hydrolyze 
internal polysaccharide bonds, e.g., a-1,4- and 1 ,6-glucosidic bonds in starch to produce 
5 smaller molecular weight maltodextrines. In one aspect, this hydrolysis is largely at 
random. Thus, the invention provides methods for producing smaller molecular weight 
maltodextrines. 

Amylases of the invention can be used in laboratory and industrial settings 
to hydrolyze starch or any maltodextrine-comprising compound for a variety of purposes. 
10 These amylases can be used alone to provide specific hydrolysis or can be combined with 
other amylases to provide a "cocktail" with a broad spectrum of activity. Exemplary uses 

■ 

include the removal or partial or complete hydrolysis of starch or any maltodextrine- 
comprising compound from biological, food, animal feed, pharmaceutical or industrial 
samples. 

15 For example, the amylases of the present invention can be formulated in 

laundry detergents to aid in the removal of starch-containing stains. In one aspect, the 
invention provides detergents comprising amylases of the invention, including amylases 
active under alkaline conditions, and methods of making and using them. These detergent 
compositions include laundry and dishwashing (e.g., autodishwashing) solutions and 

20 application. Amylases of the invention can be used as cleaning agents in any detergent 
matrices (see industrial applications below). The amylases of the present invention can 
be used in the initial stages (liquefaction) of starch processing, in wet corn milling, in 
alcohol production, in the textile industry for starch desizing, in baking applications, in 
the beverage industry, in oilfields in drilling processes; in inking of recycled paper; and in 

25 animal feed. 

Amylases of the invention can have an amylase activity under various 
conditions, e.g., extremes in pH and/or temperature, oxidizing agents, and the like. The 

■ 

invention provides methods leading to alternative amylase preparations with different 
catalytic efficiencies and stabilities, e.g., towards temperature, oxidizing agents and 
30 changing wash conditions. In one aspect, amylase variants can be produced using 
techniques of site-directed mutagenesis and/or random mutagenesis. In one aspect, 
directed evolution can be used to produce a great variety of amylase variants with 
alternative specificities and stability. 
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The proteins of the invention are also useful as research reagents to 
identify amylase modulators, e.g., activators or inhibitors of amylase activity. Briefly, 
test samples (compounds, broths, extracts, and the like) are added to amylase assays to 
determine their ability to inhibit substrate cleavage. Inhibitors identified in this way can 
be used in industry and research to reduce or prevent undesired proteolysis. As with 
amylases, inhibitors can be combined to increase the spectrum of activity. 

The invention also provides methods of discovering new amylases using 
the nucleic acids, polypeptides and antibodies of the invention. In one aspect, lambda 
phage libraries are screened for expression-based discovery of amylases. In one aspect, 
the invention uses lambda phage libraries in screening to allow detection of toxic clones; 
improved access to substrate; reduced need for engineering a host, by-passing the 
potential for any bias resulting from mass excision of the library; and, faster growth at 
low clone densities. Screening of lambda phage libraries can be in liquid phase or in 
solid phase. In one aspect, the invention provides screening in liquid phase. This gives a 
greater flexibility in assay conditions; additional substrate flexibility; higher sensitivity 
for weak clones; and ease of automation over solid phase screening. 

The invention provides screening methods using the proteins and nucleic 
acids of the invention and robotic automation to enable the execution of many thousands 
of biocatalytic reactions and screening assays in a short period of time, e.g., per day, as 
well as ensuring a high level of accuracy and reproducibility (see discussion of arrays, 
below). As a result, a library of derivative compounds can be produced in a matter of 
weeks. For further teachings on modification of molecules, including small molecules, 
see PCT/US94/09174. 

The present invention includes amylase enzymes which are non-naturally 
occurring carbonyl hydrolase variants (e.g., amylase variants) having a different 
proteolytic activity, stability, substrate specificity, pH profile and/or performance 
characteristic as compared to the precursor carbonyl hydrolase from which the amino acid 
sequence of the variant is derived. Specifically, such amylase variants have an amino 
acid sequence not found in nature, which is derived by substitution of a plurality of amino 
acid residues of a precursor amylase with different amino acids. The precursor amylase 
may be a naturally-occurring amylase or a recombinant amylase. The useful amylase 
variants encompass the substitution of any of the naturally occurring L-amino acids at the 
designated amino acid residue positions. 
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Amylase Signal Sequences 

The invention provides signal sequences consisting of or comprising a 
peptide having a sequence comprising residues 1 to 12, 1 to 13, 1 to 14, 1 to 15, 1 to 16, 1 
to 17, 1 to 18, 1 to 19, 1 to 20, 1 to 21, 1 to 22, 1 to 23, 1 to 24, 1 to 25, 1 to 26, 1 to 27, 1 
5 to 28, 1 to 28, 1 to 30 or 1 to 31, 1 to 32, 1 to 33, 1 to 34, 1 to 35, 1 to 36, 1 to 37, 1 to 38, 
or 1 to 39, or longer, of a polypeptide of the invention. For example, the invention 
provides amylase (e.g., alpha amylase or glucoamylase) signal sequences and nucleic 
acids encoding these signal sequences, e.g., exemplary peptides of the invention having 
sequences as set forth in Table 3, SEQ ID NO:7, SEQ ID NO:8, and SEQ ID NO:213 
0 through 257, and polypeptides comprising (or consisting of) sequences as set forth in 
Table 3, SEQ ID NO:7, SEQ ID NO:8, and SEQ ID NO:213 through 257. The invention 
also provides amylase signal sequences and nucleic acids encoding these signal 
sequences, e.g., peptides comprising or consisting of residues 1 to 27 of SEQ ID NO:323 
(encoded by SEQ ID NO:322), peptides comprising or consisting of residues 1 to 22 of 
5 SEQ ID NO:333 (encoded by SEQ ID NO:332), peptides comprising or consisting of 
residues 1 to 20 of SEQ ID NO:335 (encoded by SEQ ID NO:334), peptides comprising 
or consisting of residues 1 to 35 of SEQ ID NO:337 (encoded by SEQ ID NO:336), etc., 
see Table 3 for, in addition to these signal sequences, additional amylase signal sequences 
and nucleic acids encoding these signal sequences. 

The invention also provides amylase signal sequences and nucleic acids 
encoding these signal sequences comprising or consisting of residues 1 to 32 or 1 to 33 of 
SEQ ID NO:441 ; residues 1 to 27 or 1 to 28 of SEQ ID NO:443; residues 1 to 24 or 1 to 
25 of SEQ ID NO:445; residues 1 to 23 or 1 to 24 of SEQ ID NO:449; residues 1 to 49 or 
1 to 50 of SEQ ID NO:45 1 ; residues 1 to 34 or 1 to 35 of SEQ ID NO:453; residues 1 to 
37 or 1 to 38 of SEQ ID NO:455; residues 1 to 26 or 1 to 27 of SEQ ID NO:457; residues 
1 to 29 or 1 to 30 of SEQ ID NO:459; residues 1 to 22 or 1 to 23 of SEQ IDNO:466; 
residues 1 to 19 or 1 to 20 of SEQ ID NO:485; residues 1 to 54 or 1 to 55 of SEQ ID 
NO:493; residues 1 to 22 to 1 to 23 of SEQ ID NO:499; residues 21 or 1 to 22 of SEQ ID 
NO:516; residues 1 to 26 or 1 to 27 of SEQ ID NO:518; residues 1 to 20 or 1 to 21 of 
SEQ ID NO:540; residues 1 to 23 or 1 to 24 of SEQ ID NO:553; residues 1 to 19 or 1 to 
20 of SEQ ID NO:559; residues 1 to 33 or 1 to 34 of SEQ ID NO:566. 



124 



WO 2004/091544 



PCT/US2004/007096 



For example, regarding Table 3, the invention provides peptides 
comprising or consisting of amino acid residues 1 to 23 (SEQ ID NO:213) of SEQ ID 
NO:87, etc. 

Table 3 



SEQ ID NO. 


Sianal Seauence 


SEQ ID NO: 87 


AA1-23 (SEQIDNO:213) 


SEQ ID NO: 91 


AA1-23 (SEQ ID NO: 214) 


SEQ ID NO: 93 


AA1-33 (SEQ ID NO: 215) 


SEQ ID NO: 97 


AA1-31 (SEQ ID NO: 216) 


SEQ ID NO: 99 


AA1-30 (SEQ ID NO: 217) 


SEQ ID NO: 103 


AA1-22 (SEQ ID NO: 218) 


SEQ ID NO: 105 


AA1-33 (SEQ ID NO: 219) 


SEQ ID NO: 109 


AA1-25 (SEQ ID NO: 220) 


SEQ ID NO: 111 


AA1-35 (SEQ ID NO: 221) 


SEQ ID NO: 113 


AA1-28 (SEQ ID NO: 222) 


SEQ ID NO: 117 


AA1-21 (SEQ ID NO: 223) 


SEQ ID NO: 119 


AA1-30 (SEQ ID NO: 224) 


SEQ ID NO: 123 


AA1-35 (SEQ ID NO: 225) 


SEQ ID NO: 125 


AA1-28 (SEQ ID NO: 226) 


SEQ ID NO: 127 


AA1-30 (SEQ ID NO: 227) 


SEQ ID NO: 131 


AA1-30 (SEQ ID NO: 228) 


SEQ ID NO: 133 


AA1-30(SEQIDNO:229) 


SEQ ID NO: 137 


AA1-28 (SEQ ID NO: 230) 


SEQ ID NO: 139 


AA1-23 (SEQ ID NO: 231) 


SEQ ID NO: 141 


AA1-23 (SEQ ID NO: 232) 


SEQ ID NO: 143 


AA1-30 (SEQ ID NO: 233) 


SEQ ID NO: 145 


AA1-27 (SEQ ID NO: 234) 


SEQ ID NO: 147 


AA1-29 (SEQ ID NO: 235) 


SEQ ID NO: 149 


AA1-28 (SEQ ID NO: 236) 


SEQ ID NO: 69 


AA1-27 (SEQ ID NO: 237) 


SEQ ID NO: 153 


AA1-26 (SEQ ID NO: 238) 


SEQ ID NO: 155 


AA1-33 (SEQ ID NO: 239) 


SEQ ID NO: 157 


AA1-25 (SEQ ID NO: 240) 


SEQ ID NO: 159 


AA1-25 (SEQ ID NO: 241) 


SEQ ID NO: 161 


AA1-36 (SEQ ID NO: 242) 


SEQ ID NO: 167 


AA1-36 (SEQ ID NO: 243) 


SEQ ID NO: 169 


AA1-23 (SEQ ID NO: 244) 


SEQ ID NO: 173 


AA1-25 (SEQ ID NO: 245) 
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SEQ ID NO: 175 
SEQ ID NO: 177 
SEQ ID NO: 179 
SEQ ID NO: 185 
SEQ ID NO: 189 
SEQ ID NO: 191 
SEQ ID NO: 193 
SEQ ID NO: 197 
SEQ ID NO: 199 
SEQ ID NO: 201 
SEQ ID NO: 203 
SEQ ID NO: 205 
SEQ ID NO:73 
SEQ ID NO: 79 



SEQ ID NO: 322, 


323 


SEQ ID NO: 332, 


333 


SEQ 


ID 


NO:334 f 


335 


SEQ 


ID 


NO:336, 


337 


SEQ 


ID 


NO:338 f 


339 


SEQ 


ID 


NO:342, 


343 


SEQ 


ID 


NO:344, 


345 


SEQ 


ID 


NO:346, 


347 


SEQ 


ID 


NO:350, 


351 


SEQ 


ID 


NO:352, 


353 


SEQ 


ID 


NO:354, 


355 


SEQ 


ID 


NO:358. 


359 


SEQ 


ID 


NO:362, 


363 


SEQ 


ID 


NO:364, 


365 


SEQ 


ID 


NO:366, 


367 


SEQ 


ID 


NO:370, 


371 


SEQ 


ID 


NO:372, 


373 


SEQ 


ID 


NO:374, 


375 


SEQ 


ID 


NO:376, 


377 


SEQ 


ID 


NO:378, 


379 


SEQ 


ID 


NO:380, 


381 


SEQ 


ID 


NO:382 t 


383 


SEQ 


ID 


NO:384, 


385 


SEQ 


ID 


NO:386, 


387 


SEQ 


ID 


NO:388, 


389 



AA1-22 (SEQ ID NO: 246) 
AA1-23 (SEQ ID NO: 247) 
AA1-23 (SEQ ID NO: 248) 
AA1-25 (SEQ ID NO: 249) 
AA1-36 (SEQ ID NO: 250) 
AA1-25 (SEQ ID NO: 251) 
AA1-25 (SEQ ID NO: 252) 
AA1-23 (SEQ ID NO: 253) 
AA1-23 (SEQ ID NO: 254) 
AA1-30 (SEQ ID NO: 255) 
AA1-25 (SEQ ID NO: 256) 
AA1-16(SEQ ID NO: 257) 
AA1-16(SEQ ID NO: 7) 



AA1-26 (SEQ ID NO: 8) 



Residues 1 


through 


27 


Residues 1 


through 


22 


Residues 1 


through 


20 


Residues 1 


through 


35 


Residues 1 


through 


50 


Residues 1 


through 


23 


Residues 1 


through 


22 


Residues 1 


through 


21 


Residues 1 


through 


21 


Residues 1 


through 


27 


Residues 1 


through 


24 


Residues 1 


through 


29 


Residues 1 


through 


20 


Residues 1 


through 


29 


Residues 1 


through 


24 


Residues 1 


through 


22 


Residues 1 


through 


25 


Residues 1 


through 


21 


Residues 1 


through 


37 


Residues 1 


through 


27 


Residues 1 


through 


29 


Residues 1 


through 


35 


Residues 1 


through 


37 


Residues 1 


through 


25 


Residues 1 


through 


21 
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SEQ 


ID 


NO:390, 


391 


Residues 


1 


through 


58 


SEQ 


ID 


NO:394, 


395 


Residues 


1 


through 


57 


SEQ 


ID 


NO:396, 


397 


Residues 


1 


through 


19 


SEQ 


ID 


NO:400, 


401 


Residues 

• 


1 


through 


19 


SEQ 


ID 


NO:402, 


403 


Residues 


1 


through 


19 


SEQ 


ID 


NO:404 f 


405 


Residues 


1 


through 


26 


SEQ 


ID 


NO:406, 


407 


Residues 


1 


through 


21 


SEQ 


ID 


NO:408, 


409 


Residues 


1 


through 


51 


SEQ 


ID 


NO:410, 


411 


Residues 


1 


through 


21 


SEQ 


ID 


NO:416, 


417 


Residues 


1 


through 


24 


SEQ 


ID 


NO:418, 


419 


Residues 


1 


through 


44 


SEQ 


ID 


NO:420, 


421 


Residues 


1 


through 


44 


SEQ 


ID 


NO:422, 


423 


Residues 


1 


through 


27 


SEQ 


ID 


NO:424, 


425 


Residues 


1 


through 


37 


SEQ 


ID 


NO:428, 


429 


Residues 


1 


through 


30 


SEQ 


ID 


NO:430, 


431 


Residues 


1 


through 


33 


SEQ 


ID 


NO:432, 


433 


Residues 


1 


through 


34 


SEQ 


ID 


NO:434, 


435 


Residues 


1 


through 


27 



The amylase signal sequences of the invention can be isolated peptides, or, 
sequences joined to another amylase or a non-amylase polypeptide, e.g., as a fusion 
protein. In one aspect, the invention provides polypeptides comprising amylase signal 
5 sequences of the invention. In one aspect, polypeptides comprising amylase signal 
sequences of the invention comprise sequences heterologous to an amylase of the 
invention (e.g., a fusion protein comprising an amylase signal sequence of the invention 
arid sequences from another amylase or a non-amylase protein). In one aspect, the 
invention provides amylases of the invention with heterologous signal sequences, e.g., 

10 sequences with a yeast signal sequence. For example, an amylase of the invention 
comprising a heterologous signal sequence in a vectors, e.g., a pPIC series vector 
(Invitrogen, Carlsbad, CA). 

In one aspect, the signal sequences of the invention are identified 
following identification of novel amylase polypeptides. The pathways by which proteins 

15 are sorted and transported to their proper cellular location are often referred to as protein 
targeting pathways. One of the most important elements in all of these targeting systems 
is a short amino acid sequence at the amino terminus of a newly synthesized polypeptide 
called the signal sequence. This signal sequence directs a protein to its appropriate 
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location in the cell and is removed during transport or when the protein reaches its final 
destination. Most lysosomal, membrane, or secreted proteins have an amino-terminal 
signal sequence that marks them for translocation into the lumen of the endoplasmic 
reticulum. More than 100 signal sequences for proteins in this group have been 
determined. The signal sequences can vary in length from 13 to 36 amino acid residues. 
Various methods of recognition of signal sequences are known to those of skill in the art. 
For example, in one aspect, novel amylase signal peptides are identified by a method 
referred to as SignalP. SignalP uses a combined neural network which recognizes both 
signal peptides and their cleavage sites. (Nielsen, et aL, "Identification of prokaryotic and 
eukaryotic signal peptides and prediction of their cleavage sites." Protein Engineering, 
vol. 10, no. l,p. 1-6(1997). 

It should be understood that in some aspects amylases of the invention 
may not have signal sequences. In one aspect, the invention provides the amylases of the 
invention lacking all or part of a signal sequence, e.g. the signal sequences of the 
invention (see Table 3, below). In one aspect, the invention provides a nucleic acid 
sequence encoding a signal sequence from one amylase operably linked to a nucleic acid 
sequence of a different amylase or, optionally, a signal sequence from a non-amylase 
protein may be desired. Table 3 shows exemplary signal sequences of the invention. 

Amylase prepro and signal sequences and catalytic domains 

In addition to signal sequences (e.g., signal peptides (SPs)), as discussed 
above, the invention provides prepro domains and catalytic domains (CDs). The SPs, 
prepro domains and/or CDs of the invention can be isolated or recombinant peptides or 
can be part of a fusion protein, e.g., as a heterologous domain in a chimeric protein. The 
invention provides nucleic acids encoding these catalytic domains (CDs) (e.g., "active 
sites"), prepro domains and signal sequences (SPs, e.g., a peptide having a sequence 
comprising/ consisting of amino terminal residues of a polypeptide of the invention). 

The amylase signal sequences (SPs), catalytic domains (CDs) and/or 
prepro sequences of the invention can be isolated peptides, or, sequences joined to 
another amylase or a non- amylase polypeptide, e.g., as a fusion (chimeric) protein. In 
one aspect, polypeptides comprising amylase signal sequences SPs and/or prepro of the 
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invention comprise sequences heterologous to amylases of the invention (e.g., a fusion 
protein comprising an SP and/or prepro of the invention and sequences from another 
amylase or a non- amylase protein). In one aspect, the invention provides amylases of the 
invention with heterologous CDs, SPs and/or prepro sequences, e.g., sequences with a 
yeast signal sequence. An amylase of the invention can comprise a heterologous CD, SP 
and/or prepro in a vector, e.g., a pPIC series vector (Invitrogen, Carlsbad, CA). 

In one aspect, SPs, CDs, and/or prepro sequences of the invention are 
identified following identification of novel amylase polypeptides. The pathways by 
which proteins are sorted and transported to their proper cellular location are often 
referred to as protein targeting pathways. One of the most important elements in all of 
these targeting systems is a short amino acid sequence at the amino terminus of a newly 
synthesized polypeptide called the signal sequence. This signal sequence directs a protein 
to its appropriate location in the cell and is removed during transport or when the protein 
reaches its final destination. Most lysosomal, membrane, or secreted proteins have an 
amino-terminal signal sequence that marks them for translocation into the lumen of the 
endoplasmic reticulum. The signal sequences can vary in length from 13 to 45 or more 
amino acid residues. Various methods of recognition of signal sequences are known to 
those of skill in the art. For example, in one aspect, novel hydrolase signal peptides are 
identified by a method referred to as SignalP. Signal P uses a combined neural network 
which recognizes both signal peptides and their cleavage sites. (Nielsen, et al., 
"Identification of prokaryotic and eukaryotic signal peptides and prediction of their 
cleavage sites." Protein Engineering, vol. 10, no. 1, p. 1-6 (1997). 

In some aspects, an amylase of the invention may not have SPs and/or 
prepro sequences, and/or catalytic domains (CDs). In one aspect, the invention provides 
amylases lacking all or part of an SP, a CD and/or a prepro domain. In one aspect, the 
invention provides a nucleic acid sequence encoding a signal sequence (SP), a CD and/or 
prepro from one amylase operably linked to a nucleic acid sequence of a different 
amylase or, optionally, a signal sequence (SPs), a CD and/or prepro domain from a non- 
amylase protein may be desired. 

The invention also provides isolated or recombinant polypeptides 
comprising signal sequences (SPs), prepro domain and/or catalytic domains (CDs) of the 
invention and heterologous sequences. The heterologous sequences are sequences not 
naturally associated (e.g., to an amylase) with an SP, prepro domain and/or CD. The 
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sequence to which the SP, prepro domain and/or CD are not naturally associated can be 
on the SP's, prepro domain and/or CD's amino terminal end, carboxy terminal end, 
and/or on both ends of the SP and/or CD. In one aspect, the invention provides an 
isolated or recombinant polypeptide comprising (or consisting of) a polypeptide 
comprising a signal sequence (SP), prepro domain and/or catalytic domain (CD) of the 
invention with the proviso that it is not associated with any sequence to which it is 
naturally associated (e.g., amylase sequence). Similarly in one aspect, the invention 
provides isolated or recombinant nucleic acids encoding these polypeptides. Thus, in one 
aspect, the isolated or recombinant nucleic acid of the invention comprises coding 
sequence for a signal sequence (SP), prepro domain and/or catalytic domain (CD) of the 
invention and a heterologous sequence (i.e., a sequence not naturally associated with the a 
signal sequence (SP), prepro domain and/or catalytic domain (CD) of the invention). The 
heterologous sequence can be on the 3' terminal end, 5' terminal end, and/or on both ends 
of the SP, prepro domain and/or CD coding sequence. 

The polypeptides of the invention include amylases in an active or inactive 
form. For example, the polypeptides of the invention include proproteins before 
"maturation" or processing of prepro sequences, e.g., by a proprotein-processing enzyme, 
such as a proprotein convertase to generate an "active'' mature protein. The polypeptides 
of the invention include amylases inactive for other reasons, e.g., before "activation" by a 
post-translational processing event, e.g., an endo- or exo-peptidase or proteinase action, a 
phosphorylation event, an amidation, a glycosylation or a sulfation, a dimerization event, 
and the like. Methods for identifying "prepro" domain sequences, CDs, and signal 
sequences are well known in the art, see, e.g., Van de Ven (1993) Crit. Rev. Oncog. 
4(2): 1 1 5-136. For example, to identify a prepro sequence, the protein is purified from the 
extracellular space and the N-terminal protein sequence is determined and compared to 
the unprocessed form. 

The polypeptides of the invention include all active forms, including active 
subsequences, e.g., catalytic domains (CDs) or active sites, of an enzyme of the invention. 
In one aspect, the invention provides catalytic domains or active sites as set forth below. 
In one aspect, the invention provides a peptide or polypeptide comprising or consisting of 
an active site domain as predicted through use of a database such as Pfam (which is a 
large collection of multiple sequence alignments and hidden Markov models covering 
many common protein families, The Pfam protein families database, A. Bateman, E. 
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Birney, L. Cerruti, R. Durbin, L. Etwiller, S.R. Eddy, S. Griffiths- Jones, K.L. Howe, M. 
Marshall, and E.LX. Sonnhammer, Nucleic Acids Research, 30(l):276-280, 2002) or 
equivalent. 

Hybrid amylases and peptide libraries 
5 In one aspect, the invention provides hybrid amylases and fusion proteins, 

including peptide libraries, comprising sequences of the invention. The peptide libraries 
of the invention can be used to isolate peptide modulators (e.g., activators or inhibitors) of 
targets, such as amylase substrates, receptors, enzymes. The peptide libraries of the 
invention can be used to identify formal binding partners of targets, such as ligands, e.g., 

10 cytokines, hormones and the like. 

In one aspect, the fusion proteins of the invention (e.g., the peptide moiety) 
are conformationally stabilized (relative to linear peptides) to allow a higher binding 
affinity for targets. The invention provides fusions of amylases of the invention and other 
peptides, including known and random peptides. They can be fused in such a manner that 

15 the structure of the amylases is not significantly perturbed and the peptide is 

metabolically or structurally conformationally stabilized. This allows the creation of a 
peptide library that is easily monitored both for its presence within cells and its quantity. 

Amino acid sequence variants of the invention can be characterized by a 
predetermined nature of the variation, a feature that sets them apart from a naturally 

20 occurring form, e.g., an allelic or interspecies variation of an amylase sequence. In one 
aspect, the variants of the invention exhibit the same qualitative biological activity as the 
naturally occurring analogue. Alternatively, the variants can be selected for having 
modified characteristics. In one aspect, while the site or region for introducing an amino 
acid sequence variation is predetermined, the mutation per se need not be predetermined. 

25 For example, in order to optimize the performance of a mutation at a given site, random 
mutagenesis may be conducted at the target codon or region and the expressed amylase 
variants screened for the optimal combination of desired activity. Techniques for making 
substitution mutations at predetermined sites in DNA having a known sequence are well 
known, as discussed herein for example, M13 primer mutagenesis and PCR mutagenesis. 

30 Screening of the mutants can be done using assays of proteolytic activities. In alternative 
aspects, amino acid substitutions can be single residues; insertions can be on the order of 
from about 1 to 20 amino acids, although considerably larger insertions can be done. 
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Deletions can range from about 1 to about 20, 30, 40, 50, 60, 70 residues or more. To 
obtain a final derivative with the optimal properties, substitutions, deletions, insertions or 
any combination thereof may be used. Generally, these changes are done on a few amino 
acids to minimize the alteration of the molecule. However, larger changes may be 
tolerated in certain circumstances. 

The invention provides amylases where the structure of the polypeptide 
backbone, the secondary or the tertiary structure, e.g., an alpha-helical or beta-sheet 
structure, has been modified. In one aspect, the charge or hydrophobicity has been 
modified. In one aspect, the bulk of a side chain has been modified. Substantial changes 
in function or immunological identity are made by selecting substitutions that are less 
conservative. For example, substitutions can be made which more significantly affect: 
the structure of the polypeptide backbone in the area of the alteration, for example a 
alpha-helical or a beta-sheet structure; a charge or a hydrophobic site of the molecule, 
which can be at an active site; or a side chain. The invention provides substitutions in 
polypeptide of the invention where (a) a hydrophilic residues, e.g. seryl or threonyl, is 
substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or 
alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; (c) a residue 
having an electropositive side chain, e.g. lysyl, arginyl, or histidyl, is substituted for (or 
by) an electronegative residue, e.g. glutamyl or aspartyl; or (d) a residue having a bulky 
side chain, e.g. phenylalanine, is substituted for (or by) one not having a side chain, e.g. 
glycine. The variants can exhibit the same qualitative biological activity (i.e. amylase 
activity) although variants can be selected to modify the characteristics of the amylases as 
needed. 

In one aspect, amylases of the invention comprise epitopes or purification 
tags, signal sequences or other fusion sequences, etc. In one aspect, the amylases of the 
invention can be fused to a random peptide to form a fusion polypeptide. By "fused" or 
"operably linked" herein is meant that the random peptide and the amylase are linked 
together, in such a manner as to minimize the disruption to the stability of the amylase 
structure, e.g., it retains amylase activity. The fusion polypeptide (or fusion 
polynucleotide encoding the fusion polypeptide) can comprise further components as 
well, including multiple peptides at multiple loops. 

In one aspect, the peptides and nucleic acids encoding them are 
randomized, either fully randomized or they are biased in their randomization, e.g. in 
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nucleotide/residue frequency generally or per position. "Randomized" means that each 
nucleic acid and peptide consists of essentially random nucleotides and amino acids, 
respectively. In one aspect, the nucleic acids which give rise to the peptides can be 
chemically synthesized, and thus may incorporate any nucleotide at any position. Thus, 
when the nucleic acids are expressed to form peptides, any amino acid residue may be 
incorporated at any position. The synthetic process can be designed to generate 
randomized nucleic acids, to allow the formation of all or most of the possible 
combinations over the length of the nucleic acid, thus forming a library of randomized 
nucleic acids. The library can provide a sufficiently structurally diverse population of 
randomized expression products to affect a probabilistically sufficient range of cellular 
responses to provide one or more cells exhibiting a desired response. Thus, the invention 
provides an interaction library large enough so that at least one of its members will have a 
structure that gives it affinity for some molecule, protein, or other factor. 

Screening Methodologies and "On-line" Monitoring Devices 

In practicing the methods of the invention, a variety of apparatus and 
methodologies can be used to in conjunction with the polypeptides and nucleic acids of 
the invention, e.g., to screen polypeptides for amylase activity, to screen compounds as 
potential modulators, e.g., activators or inhibitors, of an amylase activity, for antibodies 
that bind to a polypeptide of the invention, for nucleic acids that hybridize to a nucleic 
acid of the invention, to screen for cells expressing a polypeptide of the invention and the 
like. 

Capillary Arrays 

Capillary arrays, such as the GIGAMATRIX™, Diversa Corporation, San 
Diego, CA, can be used to in the methods of the invention. Nucleic acids or polypeptides 
of the invention can be immobilized to or applied to an array, including capillary arrays. 
Arrays can be used to screen for or monitor libraries of compositions (e.g., small 
molecules, antibodies, nucleic acids, etc.) for their ability to bind to or modulate the 
activity of a nucleic acid or a polypeptide of the invention. Capillary arrays provide 
another system for holding and screening samples. For example, a sample screening 
apparatus can include a plurality of capillaries formed into an array of adjacent 
capillaries, wherein each capillary comprises at least one wall defining a lumen for 
retaining a sample. The apparatus can further include interstitial material disposed 
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between adjacent capillaries in the array, and one or more reference indicia formed within 
of the interstitial material. A capillary for screening a sample, wherein the capillary is 
adapted for being bound in an array of capillaries, can include a first wall defining a 
lumen for retaining the sample, and a second wall formed of a filtering material, for 
filtering excitation energy provided to the lumen to excite the sample. 
A polypeptide or nucleic acid, e.g., a ligand, can be introduced into a first component into 
at least a portion of a capillary of a capillary array. Each capillary of the capillary array 
can comprise at least one wall defining a lumen for retaining the first component. An air 
bubble can be introduced into the capillary behind the first component. A second 
component can be introduced into the capillary, wherein the second component is 
separated from the first component by the air bubble. A sample of interest can be 
introduced as a first liquid labeled with a detectable particle into a capillary of a capillary 
array, wherein each capillary of the capillary array comprises at least one wall defining a 
lumen for retaining the first liquid and the detectable particle, and wherein the at least one 
wall is coated with a binding material for binding the detectable particle to the at least one 
wall. The method can further include removing the first liquid from the capillary tube, 
wherein the bound detectable particle is maintained within the capillary, and introducing 
a second liquid into the capillary tube. 

The capillary array can include a plurality of individual capillaries comprising at least one 
outer wall defining a lumen. The outer wall of the capillary can be one or more walls 
fused together. Similarly, the wall can define a lumen that is cylindrical, square, 
hexagonal or any other geometric shape so long as the walls form a lumen for retention of 
a liquid or sample. The capillaries of the capillary array can be held together in close 
proximity to form a planar structure. The capillaries can be bound together, by being 
fused (e.g., where the capillaries are made of glass), glued, bonded, or clamped side-by- 
side. The capillary array can be formed of any number of individual capillaries, for 
example, a range from 100 to 4,000,000 capillaries. A capillary array can form a micro 
titer plate having about 100,000 or more individual capillaries bound together. 
Arrays, or "Biochips " 

Nucleic acids or polypeptides of the invention can be immobilized to or 
applied to an array. Arrays can be used to screen for or monitor libraries of compositions 
(e.g., small molecules, antibodies, nucleic acids, etc.) for their ability to bind to or 
modulate the activity of a nucleic acid or a polypeptide of the invention. For example, in 
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one aspect of the invention, a monitored parameter is transcript expression of an amylase 
gene. One or more, or, all the transcripts of a cell can be measured by hybridization of a 
sample comprising transcripts of the cell, or, nucleic acids representative of or 
complementary to transcripts of a cell, by hybridization to immobilized nucleic acids on 
5 an array, or "biochip." By using an "array" of nucleic acids on a microchip, some or all 
of the transcripts of ai cell can be simultaneously quantified. Alternatively, arrays 
comprising genomic nucleic acid can also be used to determine the genotype of a newly 
engineered strain made by the methods of the invention. Polypeptide arrays" can also be 
used to simultaneously quantify a plurality of proteins. The present invention can be 

10 practiced with any known "array," also referred to as a "microarray" or "nucleic acid 
array" or "polypeptide array" or "antibody array" or "biochip," or variation thereof. 
Arrays are generically a plurality of "spots" or "target elements," each target element 
comprising a defined amount of one or more biological molecules, e.g., oligonucleotides, 
immobilized onto a defined area of a substrate surface for specific binding to a sample 

15 molecule, e.g., mRNA transcripts. 

In practicing the methods of the invention, any known array and/or method 
of making and using arrays can be incorporated in whole or in part, or variations thereof, 
as described, for example, in U.S. Patent Nos. 6,277,628; 6,277,489; 6,261,776; 
6,258,606; 6,054,270; 6,048,695; 6,045,996; 6,022,963; 6,013,440; 5,965,452; 5,959,098; 

20 5,856,174; 5,830,645; 5,770,456; 5,632,957; 5,556,752; 5,143,854; 5,807,522; 5,800,992; 
5,744,305; 5,700,637; 5,556,752; 5,434,049; see also, e.g., WO 99/51773; WO 99/09217; 
WO 97/46313; WO 96/17958; see also, e.g., Johnston (1998) Curr. Biol. 8:R171-R174; 
Schummer (1997) Biotechniques 23:1087-1092; Kern (1997) Biotechniques 23:120-124; 
Solinas-Toldo (1997) Genes, Chromosomes & Cancer 20:399-407; Bowtell (1999) 

25 Nature Genetics Supp. 21 :25-32. See also published U.S. patent applications Nos. 

20010018642; 20010019827; 20010016322; 20010014449; 20010014448; 20010012537; 
20010008765. 

Antibodies and Antibody-based screening methods 

The invention provides isolated or recombinant antibodies that specifically 
30 bind to an amylase of the invention. These antibodies can be used to isolate, identify or 
quantify the amylases of the invention or related polypeptides. These antibodies can be 
used to isolate other polypeptides within the scope the invention or other related 
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amylases. The antibodies can be designed to bind to an active site of an amylase. Thus, 
the invention provides methods of inhibiting amylases using the antibodies of the 
invention. 

The antibodies can be used in immunoprecipitation, staining, 
5 immunoaffinity columns, and the like. If desired, nucleic acid sequences encoding for 
specific antigens can be generated by immunization followed by isolation of polypeptide 
or nucleic acid, amplification or cloning and immobilization of polypeptide onto an array 
of the invention. Alternatively, the methods of the invention can be used to modify the 
structure of an antibody produced by a cell to be modified, e.g., an antibody's affinity can 

10 be increased or decreased. Furthermore, the ability to make or modify antibodies can be a 
phenotype engineered into a cell by the methods of the invention. 

Methods of immunization, producing and isolating antibodies (polyclonal 
and monoclonal) are known to those of skill in the art and described in the scientific and 
patent literature, see, e.g., Coligan, CURRENT PROTOCOLS IN IMMUNOLOGY, 

15 Wiley/Greene, NY (1991 ); Stites (eds.) BASIC AND CLINICAL IMMUNOLOGY (7th 
ed.) Lange Medical Publications, Los Altos, CA ("Stites"); Goding, MONOCLONAL 
ANTIBODIES: PRINCIPLES AND PRACTICE (2d ed.) Academic Press, New York, 
NY (1986); Kohler (1975) Nature 256:495; Harlow (1988) ANTIBODIES, A 
LABORATORY MANUAL, Cold Spring Harbor Publications, New York. Antibodies 

20 also can be generated in vitro, e.g., using recombinant antibody binding site expressing 
phage display libraries, in addition to the traditional in vivo methods using animals. See, 
e.g., Hoogenboom (1997) Trends Biotechnol. 15:62-70; Katz (1997) Annu. Rev. Biophys. 
Biomol. Struct. 26:27-45. 

Polypeptides or peptides can be used to generate antibodies which bind 

25 specifically to the polypeptides, e.g., the amylases, of the invention. The resulting 

antibodies may be used in immunoaffinity chromatography procedures to isolate or purify 
the polypeptide or to determine whether the polypeptide is present in a biological sample. 
In such procedures, a protein preparation, such as an extract, or a biological sample is 
contacted with an antibody capable of specifically binding to one of the polypeptides of 

30 the invention. 

In immunoaffinity procedures, the antibody is attached to a solid support, 
such as a bead or other column matrix. The protein preparation is placed in contact with 
the antibody under conditions in which the antibody specifically binds to one of the 
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polypeptides of the invention. After a wash to remove non-specifically bound proteins, 
the specifically bound polypeptides are eluted. 

The ability of proteins in a biological sample to bind to the antibody may 
be determined using any of a variety of procedures familiar to those skilled in the art. For 
example, binding may be determined by labeling the antibody with a detectable label such 
as a fluorescent agent, an enzymatic label, or a radioisotope. Alternatively, binding of the 
antibody to the sample may be detected using a secondary antibody having such a 
detectable label thereon. Particular assays include ELISA assays, sandwich assays, 
radioimmunoassays, and Western Blots. 

Polyclonal antibodies generated against the polypeptides of the invention 
can be obtained by direct injection of the polypeptides into an animal or by administering 
the polypeptides to a non-human animal. The antibody so obtained will then bind the 
polypeptide itself. In this manner, even a sequence encoding only a fragment of the 
polypeptide can be used to generate antibodies which may bind to the whole native 
polypeptide. Such antibodies can then be used to isolate the polypeptide from cells 
expressing that polypeptide. 

For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include the 
hybridoma technique, the trioma technique, the human B-cell hybridoma technique, and 
the EBV-hybridoma technique (see, e.g., Cole (1985) in Monoclonal Antibodies and 
Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

Techniques described for the production of single chain antibodies (see, 
e.g., U.S. Patent No. 4,946,778) can be adapted to produce single chain antibodies to the 
polypeptides of the invention. Alternatively, transgenic mice may be used to express 
humanized antibodies to these polypeptides or fragments thereof. 

Antibodies generated against the polypeptides of the invention may be 
used in screening for similar polypeptides (e.g., amylases) from other organisms and 
samples. In such techniques, polypeptides from the organism are contacted with the 
antibody and those polypeptides which specifically bind the antibody are detected. Any 
of the procedures described above may be used to detect antibody binding. 

Kits 
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The invention provides kits comprising the compositions, e.g., nucleic 
acids, expression cassettes, vectors, cells, transgenic seeds or plants or plant parts, 
polypeptides (e.g., amylases) and/or antibodies of the invention. The kits also can contain 
instructional material teaching the methodologies and industrial uses of the invention, as 
5 described herein. 

Measuring Metabolic Parameters 

The methods of the invention provide whole cell evolution, or whole cell 
engineering, of a cell to develop a new cell strain having a new phenotype, e.g., a new or 
modified amylase activity, by modifying the genetic composition of the cell. The genetic 

10 composition can be modified by addition to the cell of a nucleic acid of the invention. To 
detect the new phenotype, at least one metabolic parameter of a modified cell is 
monitored in the cell in a "real time" or "on-line" time frame. In one aspect, a plurality of 
cells, such as a cell culture, is monitored in "real time" or "on-line." In one aspect, a 
plurality of metabolic parameters is monitored in "real time" or "on-line." Metabolic 

15 parameters can be monitored using the amylases of the invention. 

Metabolic flux analysis (MFA) is based on a known biochemistry 
framework. A linearly independent metabolic matrix is constructed based on the law of 
mass conservation and on the pseudo-steady state hypothesis (PSSH) on the intracellular 
metabolites. In practicing the methods of the invention, metabolic networks are 

20 established, including the: 

• identity of all pathway substrates, products and intermediary metabolites 

• identity of all the chemical reactions interconverting the pathway metabolites, 
the stoichiometry of the pathway reactions, 

• identity of all the enzymes catalyzing the reactions, the enzyme reaction kinetics, 
25 • the regulatory interactions between pathway components, e.g. allosteric 

interactions, enzyme-enzyme interactions etc, 

• intracellular compartmentalization of enzymes or any other supramolecular 
organization of the enzymes, and, 

• the presence of any concentration gradients of metabolites, enzymes or effector 
30 molecules or diffusion barriers to their movement. 

Once the metabolic network for a given strain is built, mathematic 
presentation by matrix notion can be introduced to estimate the intracellular metabolic 
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fluxes if the on-line metabolome data is available. Metabolic phenotype relies on the 
changes of the whole metabolic network within a cell. Metabolic phenotype relies on the 
change of pathway utilization with respect to environmental conditions, genetic 
regulation, developmental state and the genotype, etc. In one aspect of the methods of the 
5 invention, after the on-line MFA calculation, the dynamic behavior of the cells, their 
phenotype and other properties are analyzed by investigating the pathway utilization. For 
example, if the glucose supply is increased and the oxygen decreased during the yeast 
fermentation, the utilization of respiratory pathways will be reduced and/or stopped, and 
the utilization of the fermentative pathways will dominate. Control of physiological state 

10 of cell cultures will become possible after the pathway analysis. The methods of the 
invention can help determine how to manipulate the fermentation by determining how to 
change the substrate supply, temperature, use of inducers, etc. to control the physiological 
state of cells to move along desirable direction. In practicing the methods of the 
invention, the MFA results can also be compared with transcriptome and proteome data to 

15 design experiments and protocols for metabolic engineering or gene shuffling, etc. 

In practicing the methods of the invention, any modified or new phenotype 
can be conferred and detected, including new or improved characteristics in the cell. Any 
aspect of metabolism or growth can be monitored. 

Monitoring expression of an mRNA transcript 

20 In one aspect of the invention, the engineered phenotype comprises 

increasing or decreasing the expression of an mRNA transcript (e.g., an amylase 
message) or generating new (e.g., amylase) transcripts in a cell. This increased or 
decreased expression can be traced by testing for the presence of an amylase of the 
invention or by amylase activity assays. mRNA transcripts, or messages, also can be 

25 detected and quantified by any method known in the art, including, e.g., Northern blots, 
quantitative amplification reactions, hybridization to arrays, and the like. Quantitative 
amplification reactions include, e.g., quantitative PCR, including, e.g., quantitative 
reverse transcription polymerase chain reaction, or RT-PCR; quantitative real time RT- 
PCR, or "real-time kinetic RT-PCR" (see, e.g., Kreuzer (2001) Br. J. Haematol. 1 14:313- 

30 318; Xia (2001) Transplantation 72:907-914). 

In one aspect of the invention, the engineered phenotype is generated by knocking out 
expression of a homologous gene. The gene's coding sequence or one or more 
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transcriptional control elements can be knocked out, e.g., promoters or enhancers. Thus, 
the expression of a transcript can be completely ablated or only decreased. 

In one aspect of the invention, the engineered phenotype comprises 
increasing the expression of a homologous gene. This can be effected by knocking out of 

5 a negative control element, including a transcriptional regulatory element acting in cis- or 
trans- , or, mutagenizing a positive control element. One or more, or, all the transcripts of 
a cell can be measured by hybridization of a sample comprising transcripts of the cell, or, 
nucleic acids representative of or complementary to transcripts of a cell, by hybridization 
to immobilized nucleic acids on an array. 

10 Monitoring expression of a polypeptides, peptides and amino acids 

In one aspect of the invention, the engineered phenotype comprises 
increasing or decreasing the expression of a polypeptide (e.g., an amylase) or generating 
new polypeptides in a cell. This increased or decreased expression can be traced by 
determining the amount of amylase present or by amylase activity assays. Polypeptides, 

15 peptides and amino acids also can be detected and quantified by any method known in the 
art, including, e.g., nuclear magnetic resonance (NMR), spectrophotometry, radiography 
(protein radiolabeling), electrophoresis, capillary electrophoresis, high performance liquid 
chromatography (HPLC), thin layer chromatography (TLC), hyperdiffusion 
chromatography, various immunological methods, e.g. immunoprecipitation, 

20 immunodiffusion, immuno-electrophoresis, radioimmunoassays (RIAs), enzyme-linked 
immunosorbent assays (ELISAs), immuno-fluorescent assays, gel electrophoresis (e.g., 
SDS-PAGE), staining with antibodies, fluorescent activated cell sorter (FACS), pyrolysis 
mass spectrometry, Fourier-Transform Infrared Spectrometry, Raman spectrometry, GC- 
MS, and LC-Electrospray and cap-LC-tandem-electrospray mass spectrometries, and the 

25 like. Novel bioactivities can also be screened using methods, or variations thereof, 

described in U.S. Patent No. 6,057,103. Furthermore, as discussed below in detail, one or 
more, or, all the polypeptides of a cell can be measured using a protein array. 

Industrial Applications 

Detergent Compositions 
30 The invention provides detergent compositions comprising one or more 

polypeptides of the invention, for example, amylases of the invention, such as alpha 
amylases, glucoamylases, etc., and methods of making and using these compositions. 
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The invention incorporates all methods of making and using detergent compositions, see, 
e.g., U.S. Patent No. 6,413,928; 6,399,561; 6,365,561; 6,380,147. The detergent 
compositions can be a one and two part aqueous composition, a non-aqueous liquid 
composition, a cast solid, a granular form, a particulate form, a compressed tablet, a gel 
5 and/or a paste and a slurry form. The invention also provides methods capable of a rapid 
removal of gross food soils, films of food residue and other minor food compositions 
using these detergent compositions. Amylases of the invention can facilitate the removal 
of starchy stains by means of catalytic hydrolysis of the starch polysaccharide. Amylases 
of the invention can be used in dishwashing detergents in textile laundering detergents. 

10 The actual active enzyme content depends upon the method of 

manufacture of a detergent composition and is not critical, assuming the detergent 
solution has the desired enzymatic activity. In one aspect, the amount of amylase present 
in the final solution ranges from about 0.001 mg to 0.5 mg per gram of the detergent 
composition. The particular enzyme chosen for use in the process and products of this 

15 invention depends upon the conditions of final utility, including the physical product 
form, use pH, use temperature, and soil types to be degraded or altered. The enzyme can 
be chosen to provide optimum activity and stability for any given set of utility conditions. 
In one aspect, the polypeptides of the present invention are active in the pH ranges of 
from about 4 to about 12 and in the temperature range of from about 20°C to about 95°C. 

20 The detergents of the invention can comprise cationic, semi-polar nonionic or zwitterionic 
surfactants; or, mixtures thereof. 

Amylases of the present invention can be formulated into powdered and 
liquid detergents having pH between 4.0 and 12.0 at levels of about 0.01 to about 5% 
(preferably 0.1% to 0.5%) by weight. These detergent compositions can also include 

25 other enzymes such as known proteases, cellulases, lipases or endoglycosidases, as well 
as builders and stabilizers. The addition of amylases of the invention to conventional 
cleaning compositions does not create any special use limitation. In other words, any 
temperature and pH suitable for the detergent is also suitable for the present compositions 
as long as the pH is within the above range, and the temperature is below the described 

30 enzyme's denaturing temperature. In addition, the polypeptides of the invention can be 
used in a cleaning composition without detergents, again either alone or in combination 
with builders and stabilizers. 
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The present invention provides cleaning compositions including detergent 
compositions for cleaning hard surfaces, detergent compositions for cleaning fabrics, 
dishwashing compositions, oral cleaning compositions, denture cleaning compositions, 
and contact lens cleaning solutions. 

5 In one aspect, the invention provides a method for washing an object 

comprising contacting the object with a polypeptide of the invention under conditions 
sufficient for washing. In one aspect, a polypeptide of the invention (e.g., an alkaline- 
active amylase) is used in a detergent, i.e., as a detergent additive. The detergent 
composition of the invention may, for example, be formulated as a hand or machine 

10 laundry detergent composition comprising a polypeptide of the invention. Detergent 
compositions of the invention include laundry and dishwashing (e.g., autodishwashing) 
solutions and application. A laundry additive suitable for pre-treatment of stained fabrics 
can comprise a polypeptide of the invention. A fabric softener composition can comprise 
a polypeptide of the invention. Alternatively, a polypeptide of the invention can be 

15 formulated as a detergent composition for use in general household hard surface cleaning 
operations. In alternative aspects, detergent additives and detergent compositions of the 
invention may comprise one or more other enzymes such as a protease, a lipase, a 
cutinase, another amylase, a carbohydrase, a cellulase, a pectinase, a mannanase, an 
arabinase, a galactanase, a xylanase, an oxidase, e.g., a lactase, and/or a peroxidase. The 

20 properties of the enzyme(s) of the invention are chosen to be compatible with the selected 
detergent (i.e. pH-optimum, compatibility with other enzymatic and non-enzymatic 
ingredients, etc.) and the enzyme(s) is present in effective amounts. In one aspect, 
amylase enzymes of the invention are used to remove malodorous materials from fabrics. 
Various detergent compositions and methods for making them that can be used in 

25 practicing the invention are described in, e.g., U.S. Patent Nos. 6,333,301 ; 6,329,333; 
6,326,341; 6,297,038; 6,309,871; 6,204,232; 6,197,070; 5,856,164. 

Treating fabrics 

The invention provides methods of treating fabrics using one or more 
polypeptides of the invention. The polypeptides of the invention can be used in any 
30 fabric-treating method, which are well known in the art, see, e.g., U.S. Patent No. 

6,077,316. For example, in one aspect, the feel and appearance of a fabric is improved by 
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a method comprising contacting the fabric with an amylase of the invention in a solution. 
In one aspect, the fabric is treated with the solution under pressure. 

In one aspect, the enzymes of the invention are applied during or after the 
weaving of textiles, or during the desizing stage, or one or more additional fabric 
5 processing steps. During the weaving of textiles, the threads are exposed to considerable 
mechanical strain. Prior to weaving on mechanical looms, warp yarns are often coated 
with sizing starch or starch derivatives in order to increase their tensile strength and to 
prevent breaking. The enzymes of the invention can be applied to remove these sizing 
starch or starch derivatives. After the textiles have been woven, a fabric can proceed to a 

10 desizing stage. This can be followed by one or more additional fabric processing steps. 
Desizing is the act of removing size from textiles. After weaving, the size coating must 
be removed before further processing the fabric in order to ensure a homogeneous and 
wash-proof result. The invention provides a method of desizing comprising enzymatic 
hydrolysis of the size by the action of an enzyme of the invention. 

15 The enzymes of the invention can be used to desize fabrics, including 

cotton-containing fabrics, as detergent additives, e.g., in aqueous compositions. The 
invention provides methods for producing a stonewashed look on indigo-dyed denim 
fabric and garments. For the manufacture of clothes, the fabric can be cut and sewn into 
clothes or garments, which is afterwards finished. In particular, for the manufacture of 

20 denim jeans, different enzymatic finishing methods have been developed. The finishing 
of denim garment normally is initiated with an enzymatic desizing step, during which 
garments are subjected to the action of amylolytic enzymes in order to provide softness to 
the fabric and make the cotton more accessible to the subsequent enzymatic finishing 
steps. The invention provides methods of finishing denim garments (e.g., a "bio-stoning 

25 process"), enzymatic desizing and providing softness to fabrics using the amylases of the 
invention. The invention provides methods for quickly softening denim garments in a 
desizing and/or finishing process. 

Foods and food processing: liquification of starch 

The enzymes of the invention have numerous applications in food 
30 processing industry. The amylases of the invention are used in starch to fructose 
processing. Starch to fructose processing can consist of four steps: liquefaction of 
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granular starch, saccharification of the liquefied starch into dextrose, purification, and 
isomerization to fructose. 

The invention provides methods of starch liquefaction using the enzymes 
of the invention. Concentrated suspensions of starch polymer granules are converted into 
5 a solution of soluble shorter chain length dextrins of low viscosity. This step is useful for 
convenient handling with standard equipment and for efficient conversion to glucose or 
10 other sugars: In one aspect, the granular starch is liquefied by gelatinizing the 
granules by raising the temperature of the granular starch to over about 72°C. The 
heating process instantaneously disrupts the insoluble starch granules to produce a water 

10 soluble starch solution. The solubilized starch solution can then be liquefied by an 
amylase of the invention. Thus, the invention provides enzymatic starch liquefaction 
processes using an amylase of the invention. 

Figure 26, Figure 27 and Figure 28 illustrate alternative exemplary starch 
processes, including starch liquefaction processes, of the invention (using at least one 

15 enzyme of the invention). For example, Figure 26 illustrates an exemplary starch 
liquefaction process of the invention comprising treating a starch slurry (e.g., having 
about 30% to 35% solids) with steam for primary liquefaction (e.g., at about 105°C for 
about 5 minutes), input into a flash tank, followed by secondary liquefaction (e.g., at 
about 90°C to 95°C for about 90 minutes), each or one of these steps involving use of an 

20 enzyme of the invention. Figure 27 illustrates another exemplary starch liquefaction 
process of the invention comprising treating a starch slurry at about between pH 4 to pH 
5, e.g., pH 4.5, adjusting the pH, calcium addition, liquefaction at about pH 5 to pH 6, 
e.g., pH 5.4, at about 95°C using an alpha amylase of the invention, followed by another 
pH and temperature adjustment for saccharification at about between pH 4 to pH 5, e.g., 

25 pH 4.5, at a temperature of between about 60°C to 65°C using a glucoamylase of the 
invention. Figure 28 illustrates another exemplary starch process of the invention 
comprising treating a starch slurry at about between pH 4 to pH 5, e.g., pH 4.5, (optional 
adjusting pH, calcium addition), combined liquefaction-saccharification using an alpha 
amylase and/or a glucoamylase of the invention at about between pH 4 to pH 5, e.g., pH 

30 4.5, at a temperature of greater than about 90°C, or, greater than about 95°C, followed by 
another pH and temperature adjustment for saccharification at about between pH 4 to pH 
5, e.g., pH 4.5, at a temperature of between about 60°C to 65°C using a glucoamylase of 
the invention. In one aspect, the combined liquefaction-saccharification of the invention 



144 



WO 2004/091544 



PCT/US2004/007096 



is a "one-pot" process. In one aspect, the entire process is a "one-pot" process. Any one 
of these processes, and any one of these steps, can also comprise, or can further comprise, 
another enzyme of the invention (e.g., a glucosidase such as an a-l,6-glucosidase, a 
maltase, etc.), or another enzyme such as a pullulanase or an isomerase. 
5 An exemplary enzymatic liquefaction process involves adjusting the pH of 

a granular starch slurry to between 6.0 and 6.5 and the addition of calcium hydroxide, 
sodium hydroxide or sodium carbonate. In one aspect, calcium hydroxide is added. This 
provides calcium ions to stabilize the glucoamylase of the invention against inactivation. 
In one aspect, upon addition of amylase, the suspension is pumped through a steam jet to 

10 instantaneously raise the temperature to between 80°-l 1 5°C. In one aspect, the starch is 
immediately gelatinized and, due to the presence of amylase, depolymerized through 
random hydrolysis of a-1 ,4-glycosidic bonds by amylase to a fluid mass. The fluid mass 
can be easily pumped. 

The invention provides various enzymatic starch liquefaction processes 

15 using an amylase of the invention. In one aspect of the liquefaction process of the 
invention, an amylase is added to the starch suspension and the suspension is held at a 
temperature of between about 80°-100°C to partially hydrolyze the starch granules. In 
one aspect, the partially hydrolyzed starch suspension is pumped through a jet at 
temperatures in excess of about 105°C to thoroughly gelatinize any remaining granular 

20 structure. In one aspect, after cooling the gelatinized starch, a second addition of amylase 
is made to further hydrolyze the starch. 

The invention provides enzymes and processes for hydrolyzing liquid 
(liquefied) and granular starch. Such starch can be derived from any source, e.g., corn, 
wheat, milo, sorghum, rye or bulgher. The invention applies to any grain starch source 

25 which is useful in liquefaction, e.g., any other grain or vegetable source known to produce 
starch suitable for liquefaction. The methods of the invention comprise liquefying starch 
from any natural material, such as rice, germinated rice, corn, barley, milo, wheat, 
legumes and sweet potato. The liquefying process can substantially hydrolyze the starch 
to produce a syrup. The temperature range of the liquefaction can be any liquefaction 

30 temperature which is known to be effective in liquefying starch. For example, the 
temperature of the starch can be between about 80°C to about 1 1 5°C, between about 
100°C to about 1 10°C, and from about 105°C to about 108°C. In alternative aspects, the 
amylase used in these methods is active at these temperatures, e.g., active at temperatures 
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in a range of between about 80°C to about 1 15°C, between about 100°C to about 1 10°C, 
and from about 105°C to about 108°C. 

The invention provides methods for liquefaction saccharification as 
illustrated in Figure 17, In one aspect, alpha-amylases of the invention are used in the 
5 illustrated liquefaction step (some current industrial methods use B. licheniformis a- 
amylase). In one aspect, the process takes place at about pH 6.0 at a temperature 
anywhere in the range of between about 95°C to 105°C, for a length of time anywhere 
between about 0.5 and 5 hours, e.g., 60, 90 or 120 minutes. In one aspect, in a corn steep 
process, prior to liquefaction cellulases, proteases and/or protein thioreductases are added. 

10 In one aspect of a liquefaction process of the invention, an amylase of the 

invention that has activity at about pH 4.5 (or, anywhere between about pH 5 and pH 5), 
that may or may not be Ca dependent is added. Eliminating the addition of salts in the 
front end of the process eliminates the need to remove them at the back end of the 
process. In one aspect of a liquefaction process of the invention, an amylase that is more 

15 active is used. This can allow one to decrease the amount of enzyme needed. In one 
aspect, liquefaction and saccharification are done in the same pot, as a "one-pot process,*' 
for example, under conditions comprising about 90°C to 95°C (or, anywhere between 
about 80°C to 105°C), as about a 3 hour process (or, as a process lasting between about 1 
and 5 hours). In this aspect, the enzyme load can be cut in half again. 

20 In one aspect of a saccharification process of the invention, a 

glucoamylase of the invention is used. In one aspect, glucoamylases of the invention are 
used in the illustrated saccharification step (some current industrial methods use A. niger 
glucoamylase). In one aspect, the process takes place at about pH 4.5, in a temperature 
range of between about 60°C to 62°C (or, anywhere in the range of between about 50°C 

25 to 72°C, or, between about 40°C to 80°C) as a process lasting between about 1 2 and 96 or 
more hours. In one aspect of a saccharification process of the invention, a glucoamylase 
of the invention is used to give a higher level of dextrose in the syrup. In one aspect, 
other enzymes are added, e.g., pullulanases to increase the amount of glucose. 

In one aspect, amylases of the invention are used in the illustrated 

30 isomerization step (some current industrial methods use Streptomyces sp. glucose 

isomerase); In one aspect, the isomerization reaction of the invention takes place under 
conditions comprising anywhere between about pH 5 and pH 10, or anywhere between 
about ph 6 and pH 9, or anywhere between about pH 7.0 and 8.5. In one aspect, the 
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isomerization reaction of the invention takes place under conditions comprising between 
about 40°C to 75°C, or between about 50°C to 65°C, or between about 55°C to 60°C. 

4 

In one aspect of an isomerization process of the invention, a xylose 
isomerase is used. In one aspect, cobalt is used in the reaction (some known thermostable 
glucose isomerases require cobalt). In one aspect, an enzyme of the invention is used that 
lacks dependency, or has less dependency, on cobalt. In one aspect, an enzyme of the 
invention is used that has activity at a lower pH, e.g., pH 7.0, pH 6.5, pH 6, pH 5.5, pH 5, 
pH 4.5, pH 4, pH 3.5 or less, or, e.g., between a range of about pH 3.5 to 7.0). In one 
aspect, this allows less color formation (otherwise, excess color may have to be removed). 
In one aspect, the temperature is increased during isomerization, e.g. to between about 
80°C to 1 10°C, 85°C to 105°C, or 90°C to 100°C. This can increase the amount of 
fructose produced, e.g. to about 51%. However, in one aspect, for sodas (e.g., soft drinks 
and the like), the fructose level can be anywhere between about 45% and 65%, or 50% 
and 60%, e.g., about 55%. 

In one aspect, one, some or all of the enzymes used in processes of the 
invention (including the enzymes of the invention) are immobilized, e.g., immobilized on 
any surface, e.g., a flat surface or an enzyme column, e.g., immobilized on an array, a 
bead, fiber, pore, capillary and the like. In one aspect, by being immobilized, they can be 
reused. 

In one aspect, the invention provides "enzyme cocktails" using at least one 
enzyme of the invention. In one aspect, "enzyme cocktails" are used in the processes of 
the invention, e.g., including the liquefaction saccharification methods as illustrated in 
Figure 1 7. For example, in one aspect, cell wall degrading enzymes (CWDE) are used, 
e.g., for textile, pulp and paper, and laundry processes of the invention, including, e.g., 
combinations of cellulases, hemicellulases, xylanase, galactomannanases, 
glucomannanases, arabinofuranosidases, and others. In one aspect, "enzyme cocktails" 
used in the processes of the invention for bio-bleaching (e.g., pulp and paper, laundry 
processes), include combinations of laccases, peroxidases, oxidases and the like. In one 
aspect, cell wall degrading enzymes are combined with bio-bleaching enzymes and 
enzymes of the invention to degrade plant cell walls to release color agents. 
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Processes to produce high MW dextrose syrups 

The invention provides processes to produce high MW dextrose syrups 
using enzymes of the invention, including methods for producing oligosaccharides having 
a MW tightly groups at about 20,000 MW. In one aspect, amylases of the invention of 
5 archael origin, including the archael-derived amylases of SEQ ID NO:80 (encoded by 
SEQ ID NO:79), SEQ ID NO:82 (encoded by SEQ ID NO:81), SEQ ID NO:l 16 
(encoded by SEQ ID NO: 1 15), SEQ ID NO:323 (encoded by SEQ ID NO:322), SEQ NO: 
570 (encoded by SEQ ID NO: 169) and enzymes of the invention having the same activity 
as these archael amylases, are used to liquefy a starch-comprising composition, e.g., a 
10 corn starch, to produce an oligosaccharide pattern that is tightly grouped at about 20,000 
MW {Bacillus amylases will produce syrups containing much higher MW fragments, and 
high MW oligosaccharides are not fully converted to glucose by glucoamylases, e.g., 
Aspergillus glucoamylases, during saccharifi cation). 

Using the amylases of the invention of archael origin to catalyze the 
15 hydrolysis of a starch-comprising composition, e.g., a corn starch, the approximately 
20,000 MW fragments are produced. These approximately 20,000 MW fragments can be 
rapidly and fully converted to glucose. Thus, in one aspect, saccharified syrups resulting 
from Bacillus amylase liquefaction contain less dextrose than saccharified syrups from 
liquefaction using amylases of the invention. 

20 Processes to produce homogenous maltodextrins 

The invention provides processes to produce homogenous maltodextrins 
using enzymes of the invention. The homogenous maltodextrins produced by the 
methods of the invention can be used in a wide variety of food, drug and coating 
applications. In one aspect, amylases of the invention of archael origin, including the 

25 archael amylases of SEQ ID NO:79, SEQ ID NO:80, SEQ ID NO:81, SEQ ID NO:82, 
SEQ ID NO:l 15, SEQ ID NO. l 16, SEQ ID NO:322, SEQ ID NO:323, and enzymes of 
the invention having the same activity as these archael amylases, can generate an 
extremely uniform maltodextrin composition (conventional manufacturing processes 
using either acid or enzymatic hydrolysis of starch result in a broad, typically bimodal 

30 MW distribution of oligosaccharides). The homogenous maltodextrins produced by the 
methods of the invention have a homogenous MW distribution and can be used in a 
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variety of maltodextrin-comprising products, resulting in lower viscosity, clear (no haze) 
solutions, better coating properties, better film-forming properties, and the like. 

In one aspect, amylases of the invention of archael origin (and enzymes of 
the invention having the same activity as these archael amylases) are used to liquefy com 
5 starch to produce a uniform maltodextrin-comprising composition. In one aspect, the 
liquefication is conducted at a pH of between about pH 4.5 to about pH 6.5, e.g., pH 5.0 
or 5.5, at temperatures up to about 105°C. The uniform maltodextrin composition can be 
produced at DE's ranging from about 5 to as high as about 20. The syrups produced by 
these archael-derived amylases of the invention can be filtered, treated with charcoal 
10 and/or spray-dried to yield the maltodextrin-comprising product. 

Enzymatic dry milling processes 

The invention provides enzymatic dry milling processes using an amylase 
of the invention. In dry milling, whole grain is ground and combined with water. The 
germ is optionally removed by flotation separation or equivalent techniques. The 

15 resulting mixture, which contains starch, fiber, protein and other components of the grain, 
is liquefied using amylase. In one aspect, enzymatic liquefaction is done at lower 
temperatures than the starch liquification processes discussed above. In one aspect, after 
gelatinization the starch solution is held at an elevated temperature in the presence of 
amylase until a DE of 10-20 is achieved. In one aspect, this is a period of about 1-3 

20 hours. Dextrose equivalent (DE) is the industry standard for measuring the concentration 
of total reducing sugars, calculated as D-glucose on a dry weight basis. Unhydrolyzed 
granular starch has a DE of virtually zero, whereas the DE of D-glucose is defined as 100. 

Enzymatic wet milling processes 

The invention provides wet milling processes, e.g., corn wet milling, using 

25 an enzyme, e.g., an amylase, of the invention. Corn wet milling is a process which 
produces corn oil, gluten meal, gluten feed and starch. Thus, the invention provides 
methods of making corn oil, gluten meal, gluten feed and starch using an enzyme of the 
invention. In one aspect, an alkaline-amylase of the invention is used in the liquefaction 
of starch. In one aspect, a glucoamylase of the invention is used in saccharification to 

30 produce glucose. An exemplary com wet milling process of the invention (using at least 
one enzyme of the invention) is illustrated in Figure 25. Figure 25 illustrates an 
exemplary corn oil process of the invention comprising steeping, de-germing, de-fibering 
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and gluten separation, followed by liquefaction using an enzyme of the invention (e.g., an 
alpha amylase), and saccharification using an enzyme of the invention (e.g., 
glucoamylase). 

In one aspect, corn (a kernel that consists of a outer seed coat (fiber), 
5 starch, a combination of starch and glucose and the inner germ), is subjected to a four step 
process, which results in the production of starch. In one aspect, the com is steeped, de- 
germed, de-fibered, and the gluten is separated. In a steeping process the solubles are 
taken out. The product remaining after removal of the solubles is de-germed, resulting in 
production of corn oil and production of an oil cake, which is added to the solubles from 

10 the steeping step. The remaining product is de-fibered and the fiber solids are added to 
the oil cake/solubles mixture. This mixture of fiber solids, oil cake and solubles forms a 
gluten feed. After de-fibering, the remaining product is subjected to gluten separation. 
This separation results in a gluten meal and starch. The starch is then subjected to 
liquefaction and saccharification using polypeptides of the invention to produce glucose. 

15 Figure 25 illustrates an exemplary corn wet milling process of the 

invention (using at least one enzyme of the invention). Figure 26, Figure 27 and Figure 
28 illustrate alternative exemplary starch processes, including starch liquefaction 
processes, of the invention (using at least one enzyme of the invention). 

Anti-staling processes 

20 The invention provides anti-staling processes (e.g., of baked products such 

as bread) using an amylase of the invention. The invention provides methods to slow the 
increase of the firmness of the crumb (of the baked product) and a decrease of the 
elasticity of the crumb using an amylase of the invention. Staling of baked products (such 
as bread) is more serious as time passes between the moment of preparation of the bread 

25 product and the moment of consumption. The term staling is used to describe changes 
undesirable to the consumer in the properties of the bread product after leaving the oven, 
such as an increase of the firmness of the crumb, a decrease of the elasticity of the crumb, 
and changes in the crust, which becomes tough and leathery. The firmness of the bread 
crumb increases further during storage up to a level, which is considered as negative. 

30 Amylases of the invention are used to retard staling of the bread as described e.g., in U.S. 
Patent Nos. 6,197,352; 2,61 5,810 and 3,026,205; Silberstein (1964) Baker's Digest 38:66- 
72. 
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In one aspect, an enzyme of the invention is used to retard the staling of 
baked products while not hydrolyzing starch into the branched dextrins. Branched 
dextrins are formed by cleaving off the branched chains of the dextrins generated by a- 
amylase hydrolysis which cannot be degraded further by the a-amylase. This can 
5 produce a gummy crumb in the resulting bread. Accordingly, the invention provides a 
process for retarding the staling of baked products (e.g., leavened baked products) 
comprising adding an enzyme of the invention comprising exoamylase activity to a flour 
or a dough used for producing a baked product. Exoamylases of the invention can have 
glucoamylase, 6-amylase (which releases maltose in the beta-configuration) and/or 

10 maltogenic amylase activity. 

The invention also provides a process for preparing a dough or a baked 
product prepared from the dough which comprises adding an amylase of the invention to 
the dough in an amount which is effective to retard the staling of the bread. The 
invention also provides a dough comprising said amylase and a premix comprising flour 

15 together with said amylase. Finally, the invention provides an enzymatic baking additive, 
which contains said amylase. 

The invention also provides a high yield process for producing high 
quality corn fiber gum by treatment of corn fiber with an enzyme of the invention 
followed by hydrogen peroxide treatment to obtain an extract of milled corn fiber. See, 

20 e.g., U.S. Patent No. 6,147,206. 

Animal feeds and additives 

The invention provides methods for treating animal feeds and additives 
using amylase enzymes of the invention. The invention provides animal feeds and 
additives comprising amylases of the invention. In one aspect, treating animal feeds and 
25 additives using amylase enzymes of the invention can help in the availability of starch in 
the animal feed or additive. This can result in release of readily digestible and easily 
absorbed sugars. 

Use of an amylase of the invention can increase the digestive capacity of 
animals and birds. Use of an amylase of the invention can ensure availability of an 
30 adequate nutrient supply for better growth and performance. In one aspect, the enzymes 
of the invention can be added as feed additives for animals. In another aspect, the animal 
feed can be treated with amylases prior to animal consumption. In another aspect, the 
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amylases may be supplied by expressing the enzymes directly in transgenic feed crops 
(as, e.g., transgenic plants, seeds and the like), such as corn. As discussed above, the 
invention provides transgenic plants, plant parts and plant cells comprising a nucleic acid 
sequence encoding a polypeptide of the invention. In one aspect, the nucleic acid is 
5 expressed such that the amylase is produced in recoverable quantities. The amylase can 
be recovered from any plant or plant part. Alternatively, the plant or plant part containing 
the recombinant polypeptide can be used as such for improving the quality of a food or 
feed, e.g., improving nutritional value, palatability, and rheological properties, or to 
destroy an antinutritive factor. 

1 0 Paper or pulp treatment 

The enzymes of the invention can be in paper or pulp treatment or paper 
deinking. For example, in one aspect, the invention provides a paper treatment process 
using amylases of the invention. In one aspect, the enzymes of the invention can be used 
to modify starch in the paper thereby converting it into a liquefied form. In another 

15 aspect, paper components of recycled photocopied paper during chemical and enzymatic 
deinking processes. In one aspect, amylases of the invention can be used in combination 
with cellulases. The paper can be treated by the following three processes: 1) 
disintegration in the presence of an enzyme of the invention, 2) disintegration with a 
deinking chemical and an enzyme of the invention, and/or 3) disintegration after soaking 

20 with an enzyme of the invention. The recycled paper treated with amylase can have a 
higher brightness due to removal of toner particles as compared to the paper treated with 
just cellulase. While the invention is not limited by any particular mechanism, the effect 
of an amylase of the invention may be due to its behavior as surface-active agents in pulp 
suspension. 

25 The invention provides methods of treating paper and paper pulp using one 

or more polypeptides of the invention. The polypeptides of the invention can be used in 
any paper- or pulp-treating method, which are well known in the art, see, e.g., U.S. Patent 
No. 6,241 ,849; 6,066,233; 5,582,681 . For example, in one aspect, the invention provides 
a method for deinking and decolorizing a printed paper containing a dye, comprising 

30 pulping a printed paper to obtain a pulp slurry, and dislodging an ink from the pulp slurry 
in the presence of an enzyme of the invention (other enzymes can also be added). In 
another aspect, the invention provides a method for enhancing the freeness of pulp, e.g., 
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pulp made from secondary fiber, by adding an enzymatic mixture comprising an enzyme 
of the invention (can also include other enzymes, e.g., pectinase enzymes) to the pulp and 
treating under conditions to cause a reaction to produce an enzymatically treated pulp. 
The freeness of the enzymatically treated pulp is increased from the initial freeness of the 
5 secondary fiber pulp without a loss in brightness. 

Repulping: treatment oflignocellulosic materials 

The invention also provides a method for the treatment oflignocellulosic 
fibers, wherein the fibers are treated with a polypeptide of the invention, in an amount 
which is efficient for improving the fiber properties. The amylases of the invention may 

10 also be used in the production oflignocellulosic materials such as pulp, paper and 

cardboard, from starch reinforced waste paper and cardboard, especially where repulping 
occurs at pH above 7 and where amylases can facilitate the disintegration of the waste 
material through degradation of the reinforcing starch. The amylases of the invention can 
be useful in a process for producing a papermaking pulp from starch-coated printed paper. 

15 The process may be performed as described in, e.g., WO 95/14807. 

An exemplary process comprises disintegrating the paper to produce a 
pulp, treating with a starch-degrading enzyme before, during or after the disintegrating, 
and separating ink particles from the pulp after disintegrating and enzyme treatment. See 
20 also U.S. Patent No. 6,309,871 and other US patents cited herein. Thus, the invention 
includes a method for enzymatic deinking of recycled paper pulp, wherein the 
polypeptide is applied in an amount which is efficient for effective de-inking of the fiber 
surface. 

Waste treatment 

25 The enzymes of the invention can be used in a variety of other industrial 

applications, e.g., in waste treatment. For example, in one aspect, the invention provides 
a solid waste digestion process using enzymes of the invention. The methods can 
comprise reducing the mass and volume of substantially untreated solid waste. Solid 
waste can be treated with an enzymatic digestive process in the presence of an enzymatic 

30 solution (including an enzyme of the invention) at a controlled temperature. This results 
in a reaction without appreciable bacterial fermentation from added microorganisms. The 
solid waste is converted into a liquefied waste and any residual solid waste. The resulting 



153 



WO 2004/091544 PCT7US2004/007096 

liquefied waste can be separated from said any residual solidified waste. See e.g., U.S. 
Patent No. 5,709,796. 

Oral care products 

The invention provides oral care product comprising an amylase of the 
5 invention. Exemplary oral care products include toothpastes, dental creams, gels or tooth 
powders, odontics, mouth washes, pre- or post brushing rinse formulations, chewing 
gums, lozenges, or candy. See, e.g., U.S. Patent No. 6,264,925. 

Brewing and fermenting 

The invention provides methods of brewing (e.g., fermenting) beer 

10 comprising an amylase of the invention. In one exemplary process, starch-containing raw 
materials are disintegrated and processed to form a malt. An amylase of the invention is 
used at any point in the fermentation process. For example, amylases of the invention can 
be used in the processing of barley malt. The major raw material of beer brewing is 
barley malt. This can be a three stage process. First, the barley grain can be steeped to 

15 increase water content, e.g., to around about 40%. Second, the grain can be germinated 
by incubation at 15-25°C for 3 to 6 days when enzyme synthesis is stimulated under the 
control of gibberellins. During this time amylase levels rise significantly. In one aspect, 
amylases of the invention are added at this (or any other) stage of the process. The action 
of the amylase results in an increase in fermentable reducing sugars. This can be 

20 expressed as the diastatic power, DP, which can rise from around 80 to 190 in 5 days at 
12°C. 

Amylases of the invention can be used in any beer producing process, as 
described, e.g., in U.S. Patent No. 5,762,991; 5,536,650; 5,405,624; 5,021,246; 
4,788,066. 

25 Use in drilling well and mining operations 

The invention also includes methods using enzymes of the invention in 
well and drilling operations, e.g., gas, oil or other drilling or mining operations. For 
example, in one aspect, enzymes of the invention are used to increase the flow of 
production fluids from a subterranean formation, e.g., a well or a mine. In one aspect, the 

30 enzymes of the invention are used to remove viscous, starch-containing fluids that can be 
damaging, e.g., fluids formed during production operations. These starch-containing 
fluids can be found within a subterranean formation which surrounds a completed well 
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bore. In one aspect, an amylase of the invention is used in an oil well drilling fluid to aid 
in the carrying away of drilling mud. 

In one aspect, the method comprises allowing production fluids 
(comprising enzymes of the invention) to flow from the well bore or a mine. The 
5 methods can comprise reducing the flow of production fluids from the formation below 
expected flow rates and formulating an enzyme treatment by blending together an 
aqueous fluid and a polypeptide of the invention. The methods can comprise pumping 
the enzyme treatment to a desired location within the well bore or other drilled shaft and 
allowing the enzyme treatment to degrade the viscous, starch-containing, damaging fluid. 

10 The methods can comprise removing the fluid from the subterranean formation to the 
well or shaft surface. In one aspect, the enzyme treatment is effective to attack the alpha 
glucosidic linkages in the starch-containing fluid. In one aspect, amylases of the 
invention are used in mine drilling, well drilling (e.g., gas or oil well drilling), and the 
like to carry away drilling mud, e.g., while drilling the hole (well bore or shaft). 

15 The enzymes of the invention can be used in any well, shaft or mine 

drilling operation, many of which are well known in the art. For example, the invention 
provides methods of introducing an enzyme of the invention, which in one aspect can also 
comprise an oil or gas field production chemical, into a rock formation comprising oil 
and/or gas, which comprises passing a microemulsion comprising the enzyme (and, in 

20 one aspect, the chemical) down a production well and then into the formation. In one 
aspect, a production well is subjected to a "shut-in" treatment whereby an aqueous 
composition comprising an enzyme of the invention is injected into the production well 
under pressure and "squeezed" into the formation and held there. See, e.g., U.S. Patent 
No. 6,581,687. 

25 In one aspect, the amylases of the invention used in gas, oil or other 

drilling or mining operations are active at high or low pH and/or high or low 
temperatures, e.g., amylases of the invention used in these processes are active under 
conditions comprising about pH 6.5, pH 6, pH 5.5, pH 5, pH 4.5 or pH 4, or lower, or, 
under conditions comprising about pH 7, pH 7.5 pH 8.0, pH 8.5, pH 9, pH 9.5, pH 10, pH 

30 1 0.5 or pH 11 or higher. In one aspect, the amylases of the invention used in these 
processes are active under conditions comprising a temperature range of anywhere 
between about 0°C to about 37°C, or, between about 37°C to about 95°C or more, or, 
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between about 80°C to about 120°C, e.g., 85°C, 90°C, 95°C, 98°C, 100°C, 105°C, 1 10°C, 
115°C, 120°C or more. 

Delayed release compositions 

The invention provides delayed release or "controlled release" 
5 compositions comprising a desired composition coated by a latex polymer, e.g., a latex 
paint, or equivalent. The delayed release/ controlled release compositions of the 
invention can comprise any desired composition, including enzymes or any active 
ingredient, including small molecules, drugs, polysaccharides, lipids, nucleic acids, 
vitamins, antibiotics, insecticides, and the like. In one aspect, the coating will not readily 
10 dissolve at a relatively low temperature but will decompose to release the desired 
composition (e.g., enzyme) at a relatively higher temperature. 

The invention provides methods for the delayed release/ controlled release 
of compositions wherein the composition is coated by a latex polymer, e.g., a latex paint, 
or equivalent. 

15 The delayed release/ controlled release compositions and methods of the 

invention can be used for a variety of medical and industrial applications, for example, in 
one aspect, delayed release/ controlled release enzyme compositions of the invention 
comprise enzymes involved in guar fracturing fluids in enhanced oil recovery operations. 
The oilfield guar degrading application of the invention is facilitated by a coating that will 

20 not readily dissolve at low temperature but will decompose to release the enzyme at 
higher temperatures. , 

In another aspect, the delayed release/ controlled release enzyme 
compositions of the invention comprise animal feeds or nutritional supplements 
comprising, e.g., enzymes, vitamins, antibiotics and/or other food, drug or nutritional 

25 supplements. These active compounds in the animal feeds or nutritional supplements are 
protected from pelleting conditions or gastric digestion by the coating on a delayed 
release/ controlled release composition of the invention. 

In one aspect, the release is a temperature activated release, e.g., the 
desired composition (e.g., enzyme) is released at an elevated temperature, e.g., between 

30 about 37°C to about 95°C or more, e.g., 85°C, 90°C, 95°C, 98°C, 1 00°C or more. The rate 
of release can be controlled by the thickness or amount of "barrier" or latex polymer, 
applied to the desired composition, e.g., a pellet or matrix comprising the desired 
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composition. Thus, the invention provides pellets or matrices having a range of 
thicknesses of latex polymer or equivalent and methods of using them. 

The invention provides delayed release/ controlled release enzyme 
compositions, e.g., in one aspect, comprising an enzyme of the invention. In one aspect, 
5 the invention provides an enzyme (e.g., an enzyme of the invention), or a pelleted 

composition comprising an enzyme (e.g., an enzyme of the invention), coated with a latex 
polymer, e.g., a latex paint, or equivalent. In one aspect, the invention provides methods 
of making delayed release enzyme compositions comprising coating an enzyme (e.g., an 
enzyme of the invention), or a pelleted composition comprising an enzyme (e.g., an 

10 enzyme of the invention), with a latex polymer, e.g., a latex paint, or equivalent. In one 
aspect, the invention provides methods of making delayed release/ controlled release 
compositions comprising coating a desired compound with a latex polymer, e.g., a latex 
paint, or equivalent. 

Latex polymers that are used in the delayed release/ controlled release 

15 compositions (e.g., delayed release/ controlled release enzyme compositions) and 
methods of the invention include, but are not limited to, various types such as the 
following: acrylics; alkyds; celluloses; coumarone-indenes; epoxys; esters; hydrocarbons; 
maleics; melamines; natural resins; oleo resins; phenolics; polyamides; polyesters; rosins; 
silicones; styrenes; terpenes; ureas; urethanes; vinyls; and the like. Latex polymers that 

20 are used in the delayed release compositions and methods of the invention also include, 
but are not limited to, one or more homo- or copolymers containing one or more of the 
following monomers: (meth)acrylates; vinyl acetate; styrene; ethylene; vinyl chloride; 
butadiene; vinylidene chloride; vinyl versatate; vinyl propionate; t-butyl acrylate; 
acrylonitrile; neoprene; maleates; fumarates; and the like, including plasticized or other 

25 derivatives thereof. 

The amount of latex polymer used in the latex composition of the 
invention is not critical, but may be any amount following well established procedures 
using latex polymers. In alternative aspects, the amount of dry latex polymer is at least 
about 1, or, from about 2 to about 50, or, from about 3 to about 40 weight percent of the 

30 total latex composition. The latex composition of the invention may optionally contain 
other components such as those generally used in latex compositions. These additional 
components include, but are not limited to, one or more of the following: solvents such as 
aliphatic or aromatic hydrocarbons, alcohols, esters, ketones, glycols, glycol ethers, 



WO 2004/091544 



PCT/US2004/007096 



nitroparaffins or the like; pigments; fillers, dryers; flatting agents; plasticizers; stabilizers; 
dispersants; surfactants; viscosifiers including polymeric associative thickeners, 
polysaccharide-based thickeners and so on; suspension agents; flow control agents; 
defoamers; anti-skinning agents; preservatives; extenders; filming aids; crosslinkers; 
5 surface improvers; corrosion inhibitors; and other ingredients useful in latex 
compositions. In one aspect, latex compositions of the invention having improved 
rheology and stability are provided by combining the latex polymer and a polysaccharide 
with water following established procedures. See, e.g., U.S. Patent Nos. 6,372,901; 
5,610,225. 

10 In one aspect, in making a pelleted or matrix-comprising composition of 

the invention comprising an active composition, e.g., an enzyme (e.g., an enzyme of the 
invention), coated with a latex polymer, e.g., a latex paint, or equivalent, the active 
composition (e.g., enzyme) is embedded in the body of the pellet (in one aspect, a 
majority, or all, of the active composition (e.g., enzyme) is embedded in the pellet. Thus, 

15 harsh chemicals, e.g., the latex coating, which may be an inactivator of the desired, active 
ingredient, can be used to coat the surface of the pellet or matrix. The composition of the 
coating can be broken down by agents such as heat, acid, base, pressure, enzymes, other 
chemicals and the like, to have a controlled release of the desired enzymatic activity 
triggered by the exposure to the coating-degrading agent. 

20 In one aspect, an active composition, e.g., an enzyme (e.g., an enzyme of 

the invention, or another enzyme, e.g., a mannanase), is dispersed in a corn term meal 
and/or a corn starch matrix (e.g., as a pellet). This mixture (e.g., pellet) disintegrates 
within ten minutes in room temperature (e.g., about 22°C) water to release all (100%) of 
the active composition, e.g., releases all of the enzymatic activity. At higher 

25 temperatures, the rate of release increases. This is not an acceptable rate of disintegration 
for many uses. 

However, as a delayed release/ controlled release composition of the 
invention, i.e., when this mixture is coated with a latex polymer, e.g., a latex paint, or 
equivalent, the disintegration of the mixture (e.g., pellet, matrix) is delayed. The rate and 
30 extent of release can be controlled by the thickness of the coating (barrier) applied to the 
pellet or matrix. For example, a coated particle will release only 30% of the activity after 
six hours in 22°C water. At 60°C, 50% of the enzyme is released in 90 minutes. At 80°C, 
80% of the enzyme is released during one hour. 
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The invention will be further described with reference to the following 
examples; however, it is to be understood that the invention is not limited to such 
examples. 

5 EXAMPLES 

EXAMPLE L Identification and Characterization of Thermostable a- Amylases 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention. This example describes the 
identification of novel acid amylases of the invention. The screening program was 
10 carried out under neutral and low pH conditions. DNA libraries generated from low pH 
samples were targeted for discovery. This effort afforded the discovery of hundreds of 
clones having the ability to degrade starch. DNA sequence and bioinformatic analyses 
classified many of these genes as previously unidentified amylases. 

Biochemical studies 

15 Biochemical analysis of the amylase genomic clones showed that many 

had pH optima of less than pH 6. Lysates of these genomic clones were tested for 
thermal tolerance by incubation at 70°C, 80°C, 90°C or 100°C for 10 minutes and 
measurement of residual activity at pH 4.5. Those clones retaining >50% activity after 
heat treatment at 80°C were chosen for further analysis. These clones were incubated at 

20 90°C for 10 minutes at pH 6.0 and 4.5 and tested for residual activity at pH 4.5 (Figure 5). 
A number of clones retained >40% of their activity following this treatment. For 
comparative purposes, residual activity of an enzyme of the invention (an "evolved" 
amylase), SEQ ID NO:437 (encoded by SEQ ID NO:436), was equivalent to the best of 
the second-generation enzymes; the specific activity of SEQ ID NO:437 was greater. 

25 Thermal activity of the clones with residual activity after heat treatment at 

90°C at pH 4.5 was measured at room temperature, 70°C and 90°C at pH 4.5. Table 1 
shows that the hydrolysis rates of SEQ ID NO: 87 (B. stearothermophilus amylase) and 
SEQ ID NO. 1 1 3 (5. licheniformis amylase) decrease at higher temperatures, whereas the 
rate for SEQ ID NO: 125 continues to increase as the temperature is raised to 70°C and 

30 only reduces by around 50% at 90°C. 



159 



WO 2004/091544 



PCT/US2004/007096 



The exemplary polypeptide having a sequence as set forth in SEQ ID 
NO:437 (encoded by SEQ ID NO:436) is thermostable, retaining 50% activity after 25 
minutes at 100°C in the absence of added calcium, at pH 4.5. This exemplary polypeptide 
retained 90% activity after 60 minutes at 100°C in the presence of 40 mg/L calcium, pH 
5 4.5. The activity profile of the polypeptide SEQ ID NO:437 is in the range of between 
about 4.8 and 5.0. Added calcium is not required for activity. 

The polypeptide SEQ ID NO:437 can have a light brown to yellow liquid 
with a specific gravity of 1.1, at pH 10, when formulated with 35% glycerol. Its alpha 
amylase activity is between about 1 10 to 1 15 IAU* / gram (*IAU = INNOVASE™ 
10 activity unit). One analytical method used comprised hydrolysis of 4-nitrophenyl-alpha- 
D-hexa-glucopyranoside (this same method can be used to determine if an enzyme is 
within the scope of the invention). 
Candidate evaluation 

Based on residual activity at pH 4.5 after a 90°C heat treatment, specific 



15 activity and rate of starch hydrolysis at 90°C when compared with B. licheniformis 
amylase, SEQ ID NO: 125 is compared with the enzyme (an "evolved" amylase) of SEQ 
ID NO:437 in a starch liquefaction assay. 



Table 1 . 


Room 
temperature 


70°C 


90°C 


SEQ ID NO.: 87 1 


1.25 


1.43 


0.33 


SEQ ED NO.: 1 13 2 


3.3 


1.9 


0.39 


SEQ ID NO.: 125 


1.9 


47 


19 



Table 1 shows rates of dye labeled starch hydrolysis (relative fluorescence units/s) 
20 of three genomic clones at pH 4.5 and 3 different temperatures. stearothermophilus 
amylase, B. licheniformis amylase. 

The following table is a summary of Average Relative Activity (ARA), 
Thermal Tolerance, Thermal Stability, Specific Activity and Expression (Units / L) for 
selected exemplary enzymes of the invention (for example, SEQ ID NOS: 125, 126, 
25 refers to a polypeptide having a sequence as set forth in SEQ ID NO: 126, encoded by 
SEQ ID NO: 125, etc.): 
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Enzyme 


Expression 
Host 


Average 
Relative 
Activity 
(ARA) 


pH 

Optimum 


Thermal 
Tolerance 
%RA after 
5 min** 
50, 60, 70, 
80, 90°C 


Thermal 
Stability 
%RA 37, 
65, 80°C 


Specific 
Activity 
(U/mg at 
pH 5.3, 
37°C) 


Expression 
(Units / L) 


Benchmark 

SEQ1D 

NOS: 




80 


4.0 to 
5.5 


105, 107, 
88, 58, 27 


100, 83, 0 


82 




125, 126 


Pichia 


66 


A F a. 

4.5 to 
6.0 


86, 88, 
1 00, 86, 
65 


1 00,. 347, 
553 


81 


• 

8521 


378, 379 


Pichia 


66 


6.0 to 
7.0 


22, 0, 0, 
0,0 




937 


183615 


416, 417 


Pichia 

• 


59 


4.5 to 
5.0 


56, 1, 1, 
0,1 




39 


23256 


203, 204 


Pichia 


61 


6.0 to 
7.0 


18, 2, 3, 
2,3 




20 


122107 


434, 435 


Pichia 


76 


6.0 to 
6.5 


151, 58, 
0, 0, 0 




151 


17171 


420, 42 1 


Pichia 


84 


C C A. 

5.5 to 
7.0 


68, 26, 0, 
0,0 




75 


5005 


350, 351 


Pichia 


59 


6.0 to 
7.0 


6, 0, 0, 0, 
0 




104 


39662 


402, 403 


Pichia 


67 


5.5 to 
6.0 


42, 8, 11, 
12, 16 


■ 


^ ^ 

535 


75053 


336, 337 


Pichia 


63 


4.5 to 
5.5 


124, 105, 
115, 108, 
117 


100, 0, 0 


572 


20822 


430, 431 


Pichia 


50 


6.0 to 
6.5 


111, 86, 

82, 89, 35 




138 


6556 


127, 128 


Pichia 


71 


5.5 to 
6.5 


127, 115, 
53, 4, 5 




17 


114999 
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101 102 


Pichia. 


63 


5.0 to 


124, 164, 

1 A C 1 

145, 120, 
144 






1 1 ^^O 
I i Jjy 








6.0 to 


87, 29, 5, 








388,389 


Pichia 


80 


7.0 


0,0 




259 


163163 








4.0 to 


102, 100, 


100, 186, 






539, 540 


Pichia 

* * A\ 


TBD 


4.5 


31, 12,3 


123 


TBD 


TBD 



A.R.A. is Average Relative Activity. A.R.A. is calculated as the average relative 
activity of an amylase between pH 4 and pH 7.5. 



Approximate units per liter expression is calculated as follows: (total units of 
amylase present in recovered lyophilized powder) (volume of culture in fermenter) 

Evaluation of the amylase SEP ID NO:437 

The amylase SEQ ID NO:437 (encoded by SEQ ID NO:436) was 
evaluated under a variety of conditions. In the following protocols N°2 yellow dent corn 
was used as a starch source. 

Liquefaction 

A starch slurry comprising 35% dry solids ("DS") was subjected to 
primary liquefaction for five minutes under various temperatures in the range of 95°C to 
1 19°C (e.g., at about 1 10°C), with an enzyme concentration of between 0.2 to 0.8 
gram/kilogram (g/kg) starch DS, with added calcium in the range of between zero and 30 
parts per million (ppm), at pH 4.0 to pH 5.6. Secondary liquefaction comprised 
conditions of 1 20 minutes at 95°C. 

Saccharification 

Saccharification was initially tested using 35% dry solids ("DS") (starch 
slurry) and glucoamylase AMG 300L (Novozymes A/S, Denmark) at 0.225 AGU/gram 
DS (AGU= amyloglucosidase, or glucoamylase, units), pH 4.3, at 60°C for 44 hours. 

The amylase SEQ ID NO:437 was demonstrated to be useful under the 
above-described pH conditions, was calcium independent and had a high thermal stability. 
In one aspect, amylase SEQ ID NO:437, or another amylase of the invention, is used in a 
dosage range of between 0.5 to 0.7 kg / MT DS starch. 

The invention provides methods for making nutritive sweeteners using 
enzymes of the invention, e.g., processes comprising the above described liquefaction and 

162 



WO 2004/091544 PCT/US2004/007096 

saccharification protocols using, e.g., amylase SEQ ID NO:437, or another enzyme of the 
invention. In one aspect, the dosage range for an enzyme of the invention in these 
processes is between about 0.5 to 0.7 gram per kg starch DS, a jet temperature (e.g., using 
a jet cooker) of about 110°C, pH 4.5, no added calcium. 

5 Dry Mill Ethanol Production 

The invention provides methods for Dry Mill Ethanol Production using 
enzymes of the invention, e.g., amylase SEQ ID NO:437, or another enzyme of the 
invention. 

In evaluating enzymes of the invention for use in Dry Mill Ethanol 

10 Production, particularly, liquefaction of dry mill corn flour, a bench scale reactor was 
used with corn flour sourced from commercial dry mill. TERMAMYL™ SC 
(Novozymes A/S, Denmark) amylase was used as a competitive benchmark. Test found 
optimum conditions to be 85°C, pH 5.7. Five independent variables were studied: 
temperature (in a range of between 80°C to 100°C), enzyme dose of between 0.2 to 1.0 

15 g/kg starch, pH 4.4 to 6.0, calcium in a range between 0 ppm to 200 ppm, and a recycled 
backset between about 0% to 40%. 

At 95°C amylase SEQ ID NO:437 reduces viscosity of dry mill com flour 
more rapidly than TERMAMYL™ SC (Novozymes A/S, Denmark) amylase at its 
optimum conditions, including at 85°C. The rate of viscosity reduction by amylase SEQ 

20 ID NO:437 was influenced most by enzyme dose and temperature. The optimal range 
was found to be in the range of 0.4 to 0.6 g/kg starch, with an optimum temperature at 
95°C. The amylase SEQ ID NO:437 was effective at a lower pH and a higher 
temperature than TERMAMYL™ SC (Novozymes A/S, Denmark) amylase at a pH in 
the range between pH 4.4 and pH 5.6. Calcium addition had a minimal effect on rate of 

25 viscosity reduction at 95°C. The amylase SEQ ID NO:437 was effective in the presence 
of a 30% recycled backset (e.g., thin stillage, spent wash = recycling byproducts back into 
liquefaction). Figure 29 shows data summarizing these findings comparing amylase SEQ 
ID NO:437 with TERMAMYL™ SC (Novozymes A/S, Denmark) amylase in dry mill 
ethanol processing. 

30 In alternative aspects, use of amylase SEQ ID NO:437 in dry mill ethanol 

processes can provide operational advantages, for example: rapid reduction in viscosity of 
slurried corn flour, making an increase in dissolved solids and throughput possible 
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without additional capital investment; superior thermal stability to best competitor, which 
eliminates split dosing (amylase SEQ ID NO:437 is a thermostable enzyme and 
eliminates the need to dose before jet cooking and after), lower viscosities are obtained at 
higher process temperatures, and provides improved microbial control in slurry tank 
5 (process is run at higher temperature, so unwanted microbes are killed); lower 

liquefaction pH, which eliminates need for pH adjustment, decreases scale formation 
(calcium oxalate precipitate forms on hardware, etc.; if liquefaction done at low pH, there 
is a higher potential for scale formation) and reduces byproduct formation. 

In summary, amylase SEQ ID NO:437 is a thermostable enzyme that can 
10 meet key industry needs, for example, under certain conditions, rapidly reduces viscosity 
of high dry solids corn flour slurry, can be thermostable (optimum temperature 95°C), can 
be calcium independent, can be active under low pH optimum, and can tolerate up to 30% 
recycled backset. In one aspect, the recommended dose is in the range of between about 
0.4 to 0.6 kg/ MT starch. 

15 

EXAMPLE 2: Thermostable Amylases Active at Alkaline pH 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention, e.g., is a thermostable amylase. 

The initial focus of this example was the evaluation of an existing panel of 

20 amylases in an commercial automatic dish wash (ADW) formulation. This effort 
identified two candidates: one with activity at high pH (SEQ ID NO.:l 15) and another 
with stability in the ADW formulation (SEQ ID NO.:207). Studies also included the 
identification of high pH amylases. This effort afforded the discovery of hundreds of 
clones having the ability to degrade starch. DNA sequence and bioinformatics analyses 

25 classified many of these genes as previously unidentified amylases. The remaining open 
reading frames were neopullulanases, amylopullulanases and amylomaltases. Extensive 
biochemical and applications studies showed that 3 candidates: clone B, SEQ ID NO.: 147 
and SEQ ID NO.: 139) have high specific activity at pHIO, but unfortunately lack stability 
in the ADW formulation. In summary, a panel of novel amylases each having desirable 

30 phenotypes for the ADW application has been identified. 
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Biochemical studies 

Biochemical analysis of the amylase genomic clones showed that many of 
them hydrolyzed starch at pH 10 and 50°C. To produce sufficient quantities of enzyme 
for further biochemical and applications testing, the amylase open reading frames of the 
5 40 most active genomic clones were subcloned into expression vectors. This effort 
included making 2 constructs for those clones containing a putative signal sequence and 
establishing the growth and induction conditions for each subclone (plus and minus the 
amylase signal peptide). 

Soluble, active protein was successfully purified to homogeneity from 34 
10 subclones and specific activity (units/mg, where 1 unit = ^mol reducing sugars/min) was 
measured at pH 8 and pH 10 (40°C and 50°C) using 2% starch in buffer. The amylase 
from Bacillus licheniformis (SEQ ID NO.:l 13) was chosen as the benchmark for these 
studies. Specific activity was determined by removing samples at various time points 
during a 30 minute reaction and analyzing for reducing sugars. The initial rate was 
15 determined by fitting the progress curves to a linear equation. A comparison of the top 
candidates is shown in Table 2. 

A study to determine the dependence of hydrolysis rate on pH showed that 
only clone B is an "alkaline amylase" with a pH optimum of approximately 8; all others 
had pH optima of 7 or less. Nevertheless, it is clear that the panel of hits included several 
20 lead amylases with appreciable activity at pH 10 and 50°C. 



Table 2. Specific activities (U/mg pure enzyme) of amylases 



Enzyme 


Specific activity 


Specific activity 




pH 8, 40°C 


pH 10, 50°C 


Clone B 


682 


20 


SEQ ID NO.: 139 


430 


33 


SEQ ID NO.: 127 


250 


47 


SEQ ID NO.: 137 


230 


3 


SEQlDNO.:113 


228 


27 


(B. licheniformis) 






SEQ ID NO.:205 


163 


4 


Remainder 


<40 





Stability 

Stability in the presence of the ADW formulation was measured for each 
of the 3 top candidates identified via biochemical analysis. The benchmark for these 
25 studies was a commercial enzyme in the formulation matrix. Figure 13 illustrates the 
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residual activity (measured at pH 8 and 50°C) after a 30 minute incubation at 50°C in the 
presence of various components of the ADW formulation; pH 8, pH 10.8, ADW solution 
(with bleach) and ADW solution (without bleach). The measured activity after the 
incubation is expressed as a percentage of the original activity. The data show that clone 
5 B was very sensitive to high temperature, whereas the other amylases were less affected. 
When the enzymes were incubated at high pH and temperature, the commercial enzyme 
SEQ ID NO.: 139 became less stable; however, SEQ ID NO.: 127 retained full activity. 
The apparently anomalous behavior of SEQ ID NO.: 127 after pH 10 incubation vs pH 8 
was observed in repeated trials. 
10 When amylase activity on dye-labeled starch is measured in the ADW 

matrix at 50°C, the commercial amylase exhibits roughly 5% of its activity at pH 8. In the 
same assay, clone B, SEQ ID NO.: 139 and SEQ ID NO.: 127 exhibit <2% of their 
original activity measured at pH 8. 

Wash tests 

15 Wash tests using starch coated slides were carried out to gauge the 

performance of each of the purified enzymes as compared to the commercial amylase. 
The spaghetti starch coated slides were prepared according to protocol. Two pre-weighed 
starch coated slides were placed back to back in a 50 mL conical tube and 25 mL of 
ADW solution, +/- enzyme were added per tube. The tubes were incubated for 20 

20 minutes at 50°C with gentle rotation on a vertical carousel. Following the incubation 
period, the slides were immediately rinsed in water and oven dried overnight. All trials 
were run in duplicate and the commercial enzyme was run as a positive control. The 
results (Figure 6) of these experiments are expressed as net % starch removed, e.g. % of 
starch removed in ADW with enzyme, minus the % of starch removed in ADW alone. 

25 

EXAMPLE 3: Gene Optimization 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention, e.g., assessing enzyme performance in 
the presence of ADW performance. 
30 The properties of enzymes may be improved by various evolution 

strategies, including GeneSiteSaturationMutagenesis (GSSM™) and GeneReassembly™ . 
(Diversa Corporation, San Diego, CA). Such techniques will be applied to the amylase 
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nucleic acids of the invention in order to generate pools of variants that can be screened 
for improved performance. In one aspect, parental molecules for evolution include any 
nucleic acid of the invention, e.g., are one or all of the following: SEQ ID NO.: 1 13, SEQ 
ID NO.: 139, SEQ ID NO.: 1 15 and SEQ ID NO.: 127 (a truncated form of SEQ ID NO.: 
5 127). 

A high throughput screen has been developed to assess enzyme 
performance in the presence of ADW performance. Development of a HTS is of 
paramount importance in any evolution program The HTS is automated and has showed 
consistent results for the parental amylases (Figure 7). Parental amylases have 
10 measurable activity in the ADW formulation, however highly reduced relative to pH 8 
activity. 



EXAMPLE 4: Characterization of q-Amvlases having Activity at Alkaline pH 

The following example describes an exemplary method for determining if 
15 a polypeptide is within the scope of the invention, for example, has alpha-amylase 

activity at alkaline pH. 

Amylases of the invention having activity at alkaline pH were 

characterized further. Kinetics on 2% starch at pH 8 and 1 0 (40°C and 50°C) have been 

performed. 

20 Table 4: 

Clones, specific activities pH 8. 40° C pH 10. 50°C 

SEQ ID NO.: 1 1 3 (B. lichenoformis) 228 units/mg 27 units/mg 

Clone B 682 units/mg 3 1 units/mg 

SEQ ID NO.: 139 430 units/mg 33 units/mg 

25 SEQ ID NO.: 1 27 540 units/mg 50 units/mg 

control 0GL5 (E. coli) 1 .8 units/mg 0 units/mg 

1 unit of activity is defined as release of 1 |imol reducing sugars per minute. 



EXAMPLE 5: Amylase Activity Assay: BCA Reducing Ends Assay 
30 The following example describes an exemplary method for determining if 

a polypeptide is within the scope of the invention, for example, by a BCA reducing ends 
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assay. Amylase activity of clones of interest was determined using the following 
methodology. 

1 . Prepare 2 substrate solutions, as follows: 

a) 2% soluble starch (potato) pH 8 solution by dissolving 2 gm potato starch 
5 in 100 ml 100 mM sodium phosphate pH 8). 

b) 2% soluble starch (potato) pH 10 solution by dissolving 2 gm potato starch 
in 100 ml 100 mM sodium carbonate. 

Heat both solutions in a boiling water bath, while mixing, for 30-40 minutes until 
starch dissolves. 

10 2. Prepare Solution A from, 64 mg/ml sodium carbonate monohydrate, 

24 mg/ml sodium bicarbonate and 1.95 mg/ml BCA(4,4'-dicarboxy-2,2'- biquinoline 
disodium salt (Sigma Chemical cat # D-8284). Added above to dH20. 

3. Prepare solution B by combining 1 .24 mg/ml cupric sulfate 
pentahydrate and 1 .26 mg/ml L-serine. Add mixture to dH20. 

1 5 4. Prepare a working reagent of a 1 : 1 ration of solutions A and B. 

5. Prepare a Maltose standard solution of 10 mM Maltose in dH20, 
where the 10 mM maltose is combined in 2% soluble starch at desired pH to a final 
concentration of 0, 100, 200, 300, 400, 600 yM. The standard curve will be generated for 
each set of time-points. Since the curve is determined by adding 10 ul of the standards to 

20 the working reagent it works out to 0, 1 , 2, 3, 4, 6 nmole maltose. 

6. Aliquot 1 ml of substrate solution into microcentrifuge tubes, 
equilibrate to desired temperature (5 min) in heat block or heated water bath. Add 50 ul of 
enzyme solution to the inside of the tube lid. 

7. While solution is equilibrating mix 5 ml of both solution A & B. 
25 Aliquot 1 00 ul to 96 well PCR plate. Set plate on ice. 

8. After 5 minute temperature equilibration, close lid on tubes, invert 
and vortex 3 times. Immediately aliquot 10 ul into plate as t=0 (zero time point). Leave 
enzyme mixture in heat block and aliquot 10 ul at each desired time point (e.g. 0, 5, 
10,15, 20, 30 minutes). 

30 9. Ensure that 1 2 wells are left empty (only working reagent 

aliquotted) for the addition of 10 ul of standards, for the standard curve. 

1 0. When all time points are collected and standards are added, cover 
plate and heated to 80° C for 35 min. Cool plate on ice for 10 min. Add 100 ul H20 to 
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all wells. Mix and aliquot 100 ul into flat bottomed 96- well plate and read absorbance at 
560 nm. 

1 1 . Zero each sample's time points against its own t=0 (subtract the 
average t=0 A560 value from other average A560 values). Convert the A560(experimcntai) to 
5 umole (Divide A560(ex P erimentai) by the slope of the standard curve (A560/umole). 

Generate a slope of the time points and the umole (in umole/min), multiply by 1 00 (as the 
umole value only accounts for the 10 ul used in the assay, not the amount made in the 1ml 
rxn). To get the specific activity divide the slope (in umole/min) by the mg of protein. 
All points should be done at a minimum in duplicate with three being best. An example 
10 standard curve is set forth in Figure 1 1 . 
Table 5: Sample data: 



(A560exp/std 
slope) 

Dilu 



Clone 


tion 


Minutes 


A560-1 


A560-2 


Ave A 560Zeroed A 560 


umole 


ENZ 


50 


0 


0.1711 


0.1736 


0.17235 


0 


0.0000 






5 


0.2104 


0.2165 


0.21345 


0.0411 


0.0005 






10 


0.2492 


0.2481 


0.24865 


0.0763 


0.0009 






15 


0.2984 


0.2882 


0.2933 


0.12095 


0.0014 






20 


0.3355 


0.3409 


0.3382 


0.16585 


0.0020 






30 


0.3942 


0.3805 


0.38735 


0.215 


0.0026 






40 


0.4501 


0.4412 


0.44565 


0.2733 


0.0033 



Activity =0.008646 umole/min 

Divide protein concentration (mg/ml) by any dilution to get mg used in assay. 
15 Divide the above slope by mg used in assay to get specific activity 

Specific Activity =24.93 umole/min/mg 

See for example, Dominic W.S. Wong, Sarah B. Batt, and George H. Robertson 
(2000) J. Agric. Food Chem. 48:4540-4543; Jeffrey D. Fox and John F. Robyt, (1991) 
Anal. Biochem. 195, 93-96. 

20 

EXAMPLE 6: Screening for q-Amvlase activity 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention. Amylase activity of clones can be 
assessed by a number of methods known in the art. The following is the general 
25 methodology that was used in the present invention. The number of plaques screened, per 
plate, should be approximately 10,000 pfu's. For each DNA library: at least 50,000 
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plaques per isolated library and 200,000 plaques per non-isolated library should be 
screened depending upon the pfu titer for the X Zap Express amplified lysate. 
Titer determination of Lambda Library 

1 ) fiL of Lambda Zap Express amplified library stock added to 600^L E. coli MRF 5 cells 
5 (OD 600 =1 .0). To dilute MRF' stock, 1 OmM MgS0 4 is used. 

2) Incubate at 37 °C for 1 5 minutes. 

3) Transfer suspension to 5-6mL of NZY top agar at 50 °C and gently mix. 

4) Immediately pour agar solution onto large (1 50mm) NZY media plate. 

5) Allow top agar to solidify completely (approximately 30 minutes), then invert plate. 
10 6) Incubate the plate at 39 °C for 8-12 hours. 

7) Number of plaques is approximated. Phage titer determined to give 10,000 pfu/plate. 
Dilute an aliquot of Library phage with SM buffer if needed. 

Substrate screening 

1) Lambda Zap Express (50,000 pfu) from amplified library added to 600|iL of E. coli 
15 MRF* cells (OD600=1 .0). For non-environment libraries, prepare 4 tubes (50,000 pfu 

per tube). 

2) Incubate at 37 °C for 15 minutes. 

3) While phage/cell suspensions are incubating, 1 .OmL of red starch substrate (1 .2% 
w/v) is added to 6.0mL NZY top agar at 50 °C and mixed thoroughly. Keep solution 

20 at 50°C until needed. 

4) Transfer 1/5 (10,000 pfu) of the cell suspension to substrate/top agar solution and 
gently mixed. 

5) Solution is immediately poured onto large (1 50mm) NZY media plate. 

6) Allow top agar to solidify completely (approximately 30 minutes), then invert plate. 
25 7) Repeat procedures 4-6 4 times for the rest of the cell suspension (1/5 of the 

suspension each time). 

8) Incubate plates at 39 °C for 8-12 hours. 

9) Plate observed for clearing zones (halos) around plaques. 

10) Plaques with halos are cored out of agar and transferred to a sterile micro tube. A 

30 large bore 200|uL pipette tip works well to remove (core) the agar plug containing the 
desired plaque. 
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1 1) Phages are re-suspended in SOO^iL SM buffer. 20jiL Chloroform is added to inhibit 
any further cell growth. 

12) Pure phage suspension is incubated at room temperature for 4 hours or overnight 
before next step. 

5 Isolation of pure clones 

1) 10|iL of re-suspended phage suspension is added to 500|aL of E. coli MRF' cells 
(OD600-1.0). 

2) Incubate at 37 °C for 15 minutes. 

3) While phage/cell suspension is incubating, lmL of red starch substrate (1 .2% w/v) is 

» 

10 added to 6.0mL NZY top agar at 50 °C and mixed thoroughly. Keep solution at 50 °C 
until needed. 

4) Cell suspension is transferred to substrate/top agar solution and gently mixed. 

5) Solution is immediately poured onto large (1 50mm) NZY media plate. 

6) Allow top agar to solidify completely (approximately 30 minutes), then invert plate. 
15 7) Plate incubated at 3 9 °C for 8- 12 hours. 

8) Plate observed for a clearing zone (halo) around a single plaque (pure clone). If a , 
single plaque cannot be isolated, adjust titer and re-plate phage suspension. 

9) Single plaque with halo is cored out of agar and transferred to a sterile micro tube. A 
large bore 200^L pipette tip works well to remove (core) the agar plug containing the 

20 desired plaque. To amplify the titer, core 5 single active plaques into a micro tube. 

10) Phages are re-suspended in 500fiL SM buffer. 20|iL Chloroform is added to inhibit 
any further cell growth. 

1 1) Pure phage suspension is incubated at room temperature for 4 hours or overnight 
before next step. The pure phage suspension is stored at -80 °C by adding DMSO 

25 into the phage suspension (7% v/v). 
Excision of pure clone 

1) 100nL of pure phage suspension is added to 200|iL E. coli MRF cells (OD600=1 .0). 
To this, l.O^L of EXASSIST helper phage (>1 x 106 pfu/mL; Stratagene) is added. 
Use 2059 Falcon tube for excision. 
30 2) Suspension is incubated at 37 °C for 1 5 minutes. 

3) 3.0 mL of 2 x YT media is added to cell suspension. 

4) Incubate at 30 °C for at least 6 hours or overnight while shaking. 
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5) Tube transferred to 70 °C for 20 minutes. The phagemid suspension can be stored at 
4 °C for 1 to 2 months. 

6) 1 00 |iL of phagemid suspension transferred to a micro tube containing 200|iL of £. 
coli Exp 505 cells (OD600=1 .0). 

5 7) Suspension incubated at 37 °C for 1 5 minutes. 

8) 300jaL of SOB is added to the suspension. 

9) Suspension is incubated at 37 °C for 30 to 45 minutes. 

10) 100|itL of suspension is transferred to a small (90mm) LB media plate containing 
Kanamycin (LB media with Kanamycin 50|ig/mL) for Zap Express DNA libraries or 

10 Ampicillin (LB media with Kanamycin 100|ig/mL) for Zap II DNA libraries. 

1 1) The rest of suspension is transferred to another small LB media plate. 

12) Use sterile glass beads to evenly distribute suspension on the plate. 

13) Plates are incubated at 30 °C for 12 to 24 hours. 

14) Plate observed for colonies. 

15 15) Inoculate single colony into LB liquid media containing suitable antibiotic and 
incubate at 30 °C for 12 to 24 hours. 
16) Glycerol stock can be prepared by adding 80% glycerol into liquid culture (15% v/v) 
and stored at -80 °C. 
Activity verification 

20 1) 50)xL of liquid culture is transferred to a micro tube. Add 500jiL of 8% pH7 
Amylopectin Azure into the same tube. Prepare 2 tubes for each clone. 

2) Activity is tested at 50 °C for 3 hours and overnight. Use pH 7 buffer as control. 

3) Cool the test specimen at ice-water bath for 5 minutes. 

4) Add 750jaL of Ethaqnol and mixed thoroughly. 

25 5) Centrifuge at 1 3000 rpm (1 6000 g's) for 5 minutes. 
6) Measure OD of the supernatant at 595nm. 
Rf LP analysis 

1 ) 1 .OmL of liquid culture is transferred to a sterile micro tube. 

2) Centrifuge at 1 3200 rpm (1 6000 g's) for 1 minute. 

30 3) Discard the supernatant. Add another 1 .0 mL of liquid culture into the same sterile 
micro tube. 

4) Centrifuge at 1 3200 rpm (1 6000 g's) for 1 minute. 
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5) Discard the supernatant. 

6) Follow QIAprep spin mini kit protocol for plasmid isolation. 

7) Check DNA concentration using BioPhotometer. 

8) Use Sac I and Kpn I for first double digestion. Incubate at 37 °C for 1 hour. 

5 9) Use Pst I and Xho I for second double digestion. Incubate at 37 °C for 1 hour. 

10) Add Loading dye into the digested sample. 

1 1) Run the digested sample on a 1 .0% agarose gel for 1 -1 .5 hours at 120 volts. 

12) View gel with gel imager. All clones with a different digest pattern will be sent for 
sequence analysis. 

10 EXAMPLE 7: Assay for Amylases 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention. 

Preparation Of Host Cultures 

1 . Start an overnight culture of XLl-Blue MRF' host cells. Use a single colony from 
15 a streak plate to inoculate 10 mL LB supplemented with 20 ug/mL tetracycline. 

Grow overnight culture shaking at 37°C for at least 16 hours. 

2. Using aseptic technique, inoculate a fresh 100 mL of LBtet day culture with XLl- 
Blue MRF f host from the overnight LBiet culture. 

3. Grow in a 37°C shaker until the OD reaches 0.75 - 1 .0. 

20 4. Pellet host cells at 1 000 x g for 1 0 minutes and gently resuspend in 1 0 mM 
MgS0 4 at OD5. 

5. Dilute a small amount of host cells to OD1 for use in titering and pintooling. 

6. Host preparations can be used for up to 1 week when stored on ice or at 4°C. 

-To shorten growth time for the day culture, use 14 X the usual Tet 
25 concentration in LB (V4X = 1 0 ug/mL), or omit the antibiotic altogether. 

-Do not use NZY when selecting with Tetracycline. The high Mg** 
concentration in NZY medium renders Tet inactive. 

Titering Lambda Libraries 

7. Place three sterile microfuge tubes in a rack. 

30 8. Aliquot 995 uL prepared host cells in one tube and 45 uL prepared OD1 host cells 
into each of the two remaining tubes. 
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9. Add 5 uL of lambda library to the tube containing 995 uL host cells and mix by 
vortexing. This results in a dilution factor of 200. 

10. Prepare 1/2,000 and 1/20,000 dilutions by consecutively adding 5 uL of previous 
dilution to the remaining two tubes containing 45 uL prepared host cells. Mix by 

5 vortexing after each dilution was made. 

1 1 . Allow phage to adsorb to host by incubating at 37°C for 1 5 minutes. 

12. Meanwhile, pipet 100 uL of prepared OD1 host cells to each of three Falcon 2059 
tubes. 

13. Add 5 uL of each dilution to a separate 2059 tube containing host cells. 

10 14. Plate each by adding 3 mL top agar to each tube and quickly pour over 90 mm 
NZY plates. Ensure a smooth, even distribution before the top agar hardens. 

15. Invert plates and incubate at 37°C overnight. 

16. Count plaques and calculate titer of the library stock (in plaque forming units 

i 

(pfu) per uL). 
1 5 Lambda Microtiter Screening For Amylases 
Preparation 

1 . Prepare a sufficient amount of XL1 -Blue MRF' host culture, as described 
above, for the amount of screening planned. A culture of 100 mL is usually 
sufficient for screening 2-3 libraries. 
20 2. Autoclave several bottles compatible with the QFill2 dispenser. These are the 
wide-mouth Corning bottles, 250 mL containing a sealing ring around the lip. 

3. Make sure there are sufficient amounts of plates, top agar, BODIPY starch, 
red starch solution, etc. available for the screen. 

4. Schedule the Day 2 robot run with a representative from Automation. 
25 Day 1 

1 . Label the 1 536-well plates (black) with library screen and plate number. 
Tough-Tags™ tube stickers, cut in half width-wise, are ideal for labeling 1 536 
well plates. 

2. Calculate volumes of library, host cells and NZY medium necessary for the 
30 screen. This is easily done with an Excel spreadsheet. 

3. Combine the calculated volumes of lambda library and OD5 host cells in a 
sterile 250 mL wide-mouth Corning bottle (containing a sealing ring). 

4. Allow adsorption to occur at 37°C for 1 5 minutes. 
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5. Add the calculated volume of NZY medium and mix well. This is referred to 
as the cell-phage-medium suspension. 

6. Perform a concomitant titer by combining 50 uL of the cell-phage-medium 
suspension with 250 uL of OD1 host cells in a Falcon 2059 tube, then plating with 

5 9 mL of top agar onto a 1 50 mm NZY plate. Incubate concomitant titer plate at 

37°C overnight. 

7. Load the dispenser with the remainder of the suspension and array each 
labeled 1 536-well plate at 4 uL per well. If the dispenser leaves air bubbles in 
some wells, they can be removed by centrifuging the plates at 200 x g for 1 

1 o minute. 

8. Add 0.5 uL of positive control phage to well position AD46 of at least two of 
the assay plates. Use a strong amylase-positive lambda clone for this purpose. The 
lambda versions of SEQ ID NO.: 1 13 or SEQ ID NO.: 199 are good choices for 
positive controls. 

15 9. Incubate assay plates at 37°C overnight in a humidified (>95%) incubator. 
Day 2 

1 . Count the pfu on the concomitant titer plate and determine the average seed 
density per well (in pfu per well). 

2. Pintool at least 2 plates of each library screen (preferably the 2 containing positive 
20 controls) as follows: 

a) Prepare 2 host lawn plates to act as a surface on which to pintool: combine 
250 uL of OD1 host cells with 2 mL 2% red starch and plate with 9 mL top 
agar onto 150 mm NZY plates. Hold each plate as level as possible as the top 
agar solidifies in order to produce an even hue of red across the plate. 
25 b) Using a twice flame-sterilized 1536 position pintool, replicate at least 2 of 

the screening plates onto the host lawn plates. 

c) Place the pintooled recipient plates in a laminar flow hood with the lids off 
for about 1 5-30 minutes (to vent off excess moisture). 

d) Replace the lids and incubate inverted at 37°C overnight. 
30 3. Prepare the 2X BODIPY starch substrate buffer as follows: 

a) Calculate the total volume of 2X substrate buffer solution needed for all 
screening plates at 4 uL per well (including any extra deadspace volume 
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required by the dispenser) and measure this amount of 100 mM CAPS pH 
10.4 into a vessel appropriate for the dispenser used. 

b) Retrieve enough 0.5 mg tubes of BODIPY starch to produce the required 
volume of 2X substrate buffer [calculated in step a) above] at a final 

5 concentration of 20-30 ug/mL. 

c) Dissolve each 0.5 mg tube in 50 uL DMSO at room temperature, protected 
from light, with frequent vortexing. This takes more than 1 5 minutes; some 
production lots of BODIPY starch dissolve better than others. 

d) Add 50 uL lOOmM CAPS buffer pH 10.4 to each tube and mix by vortexing. 
10 e) Pool the contents of all tubes and remove any undissolved aggregates by 

centrifuging for 1 minute at maximum speed in a microfuge. 

f) Add the supernatant to the rest of the 100 mM CAPS buffer measured in step 
a) above. 

g) Protect the 2X substrate buffer from light by wrapping in foil. 

15 4. Take plates and substrate buffer to the automation room and program the robot 
with the following parameters: 

a) dispense 4 uL substrate buffer per well 

b) 1 st read at 1 hour post-substrate, 2 nd read at 9 hours, and third read at 1 7 
hours; with 37°C incubation between reads 

20 c) excitation filter: 485 nm; emission filter: 535 nm 

d) set the Spectrafluor gain at 70, or the optimal gain for the batch of 2X 
substrate buffer prepared. 

e) ensure that the incubator used will protect assay plates from light. 
Dav 3 

25 1 . Check pintooled plates for clearings in the bacterial lawn at all positions 

corresponding to wells on the associated assay plate. Also check for clearings in 
the red starch in any of the pin positions. If plates containing positive controls 
were used for pintooling, you should be able to see a large clearing zone in the red 
background. Be wary of contaminants that also form clearing zones in red starch 

30 (see comment "Contaminants That Form Clearing Zones in Red Starch" at end of 

Example 7). 

2. Identify putative hits from the data file produced by the robot computer. 

The KANAL program produced by Engineering simplifies data analysis. As a rule 
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of thumb, a putative hit is characterized as a well having signal intensity rising at 
least 1.5 fold over background. 
3. For each putative, remove 2 uL from the well and add to a tube containing 

500 uL SM buffer and 50 uL CHC13. Vortex to mix and store at 4°C. This 
solution will be referred to hereafter as the 4e-3 stock. The original screening 
plates should be stored at 4°C, protected from light, at least until breakouts are 
complete. 

This is the recommended method of breaking out putative hits. It is a 
liquid phase assay that relies on confirmation of activity on BODIPY starch. 
Alternatively, putative hits can be plated directly onto solid phase plates containing red 
starch such that 2,000-3,000 pfu per hit are examined for clearing zones. However, 
inability to observe clearing zones on red starch is not necessarily an indication that a 
putative hit was a false positive. It would then need to be assayed using the format in 
which it was originally identified (i.e., liquid phase using BODIPY starch as substrate). In 
addition, very weak positives are more easily identified using the method detailed below. 
Day 1 

1 . In a sterile 50 mL conical tube, combine 0.5 mL OD5 host cells with 45.5 mL 
NZY. This will be referred to as the host-medium suspension. 

2. For each putative hit to be analyzed, aliquot 1 mL of host-medium suspension into 
each of 3 three sterile microfuge tubes. 

3. Set the 12-channel pipetman in multidispense mode with an aliquot size of 20 uL 
and an aliquot number of 2x. Mount the pipetman with a clean set of sterile tips. 

4. Pour about 1 mL of host-medium suspension into a new sterile solution basin and 
load the multichannel pipetman. 

5. Dispense 20 uL per well into the last row (row P) of a black 384-well plate (12 
channels x 2 = 24 wells). This row will be used later for the controls. 

6. Expel the remaining liquid in the tips by touching the tips against the surface of 
the basin and pressing the RESET button on the pipetman. Lay the pipetman down 
in a way to prevent contamination of the tips. There is no need to change the tips 
at this point. 

7. Pour the remainder of the fluid in the basin into a waste container (like a beaker) 
taking care to avoid splash-back contamination. 
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8. For the first putative to be analyzed, take 1 1 1 uL of the 4e-3 stock (see Day 2 in 
Lambda Microtiter Screening for Amylases) and add it to the first in a set of three 
tubes containing 1 mL host-medium suspension (step 2). Vortex to mix. This is 
Dilution A . 

5 9. Take 1 1 1 uL of Dilution A and add to the next tube in the set. Vortex to mix. This 
is Dilution B. 

10. Take 1 1 1 uL of Dilution B and add to the last tube in the set. Vortex to mix. This 
is Dilution C. You should now have three dilutions of phage, where 
concentrations of each differ by a factor of 10. 
10 11. Pour the contents of Dilution C (the most dilute of the 3 samples) into the solution 
basin and load the multichannel pipetman. 

12. Dispense 20 uL per well into the first row of the 384-well plate (12 channels x 2 = 
24 wells). 

13. Expel the remaining liquid in the tips by touching the tips against the surface of 

15 the basin and pressing the RESET button on the pipetman. Lay the pipetman down 

in a way to prevent contamination of the tips. There is no need to change the tips 
at this point. 

14. Empty the basin as described above. 

15. Pour the contents of Dilution B into the same basin and load the multichannel 
20 pipetman. 

16. Dispense 20 uL per well into the second row of the 384-well plate. 

17. Perform steps 13-16 similarly to dispense Dilution A into the third row of the 
plate. 

1 8. After all three dilutions have been arrayed into the first 3 rows of the plate, discard 
25 all tips and the solution basin into the biohazardous waste container. 

19. Mount the pipetman with a clean set of sterile tips and open a new sterile solution 
basin. 

20. Repeat steps 8-19 for each remaining putative hit, using remaining rows on the 
plate up to row O. Five putative hits can be analyzed on one 384-well plate, with 

30 the last row (row P) saved for the controls. 

21. Add 0.5 uL of each control to a separate well. Use at least 2-3 separate controls, 
preferably covering a range of activity. 

22. Incubate assay plates at 37°C overnight in a humidified (>95%) incubator. 
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Day 2 

1 . Pintool all breakout plates onto a host lawn with red starch using the same method 
described for Day 2 in Lambda Micro titer Screening for Amylases, except that a 
384 position pintool is used. 
5 2. Prepare the 2X BODIPY starch substrate buffer as follows: 

a) Calculate the total volume of 2X substrate buffer solution needed for all 
breakout plates at 20 uL per well (including any extra deadspace volume 
required by the dispenser) and measure this amount of 100 mM CAPS pH 
1 0.4 into a vessel appropriate for the dispenser used, 

10 b) Retrieve enough 0.5 mg tubes of BODIPY starch to produce the required 

volume of 2X substrate buffer [calculated in step a) above] at a final 
concentration of 20-30 ug/mL. 

c) Dissolve each 0.5 mg tube in 50 uL DMSO at room temperature, protected 
from light, with frequent vortexing. This takes more than 1 5 minutes; some 

15 production lots of BODIPY starch dissolve better than others. 

d) Add 50 uL lOOmM CAPS buffer pH 10.4 to each tube and mix by vortexing. 

e) Pool the contents of all tubes and remove any undissolved aggregates by 
centrifuging for 1 minute at maximum speed in a microfuge. 

f) Add the supernatant to the rest of the 100 mM CAPS buffer measured in step 
20 a) above. 

g) Protect the 2X substrate buffer from light by wrapping in foil. 

3. Dispense 20 uL per well into all breakout plates. 

4. Wrap all plates in aluminum foil and incubate at room temperature for 2-6 hours. 

5. Read each plate in the Spectrafluor with the following settings: 

25 a) fluorescence read (excitation filter: 485 nm; emission filter: 535 nm) 

b) plate definition: 384 well black 

c) read from the top 

d) optimal gain 

e) number of flashes: 3 

30 6. On the resulting Excel spreadsheet, chart each putative's 3 rows in a separate 

graph and check for activity. Ensure that the positives controls produced signals 
over background. 
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7. For each putative that appears to have a real signal among the wells, harvest a 
sample from a positive well as follows: 

a) Select a positive well from a row representing the highest initial dilution. 

b) Transfer 2 uL from that well into a tube containing 500 uL SM and 50 uL 
5 CHCI3. This is referred to as the breakout stock. 

c) Store at 4°C. 

8. Using methods previously described, plate about 10 uL of each breakout stock 
onto 150 mm NZY plates using red starch. The objective is to obtain several (at 
least 20) well-separated plaques from which to core isolates. 

■ 

10 Day 3 

1 . Check pintooled plates for an acceptable incidence of clearings in the bacterial 
lawn corresponding to wells on the associated assay plate. Also check for 
clearings in the red starch in the positive controls and in any tested putatives. Be 
wary of contaminants that also form clearing zones in red starch (see below). 
15 2. From the solid phase plates containing dilutions of breakout stocks, core several 

isolated plaques, each into 500 uL SM with 50 uL CHC1 3 . This is referred to as the 
isolate stock. 

3. The isolate stocks can then be individually tested on BOD IP Y starch using 

methods described above. This step can be skipped if the plaque that was cored in 
20 step 2 produced a clearing zone in the red starch background. The isolate stocks 

were then be individually tested on BODIPY starch using methods described 
above. However, this step may be skipped if the plaque that was cored in step 2 
produced a clearing zone in the red starch background. 

Excisions 
25 Day 1 

1 . In a Falcon 2059 tube, mix 200 uL OD1 XLl-Blue MRF host, 1 00 uL lambda 
isolate stock and 1 uL ExAssist phage stock. 

2. Incubate in 37°C shaker for 15 minutes. 

3. Add 3 mL NZY medium. 

30 4. Incubate in 30°C shaker overnight. 
Day 2 

1 . Heat to excision tube to 70°C for 20 minutes. 
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2. Centrifuge 1 000 x g for 1 0 minutes. 

3. In a Falcon 2059 tube, combine 50 uL supernatant with 200 uL EXP505 OD1 
host. 

4. Incubate in 37°C shaker for 1 5 minutes. 
5 5. Add 300 uL SOB medium. 

6. Incubate in 37C shaker for 30-45 minutes. 

7. Plate 50 uL on large LB Ka n50 plate using sterile glass beads. If the plates are "dry", 
extra SOB medium can be added to help disburse the cells. 

8. Incubate plate at 30°C for at least 24 hours. 

10 9. Culture an isolate for sequencing and/or RFLP. 

Growth at 30°C reduces plasmid copy number and is used to mitigate the 
apparent toxicity of some amylase clones. 

Contaminants That Form Clearing Zones in Red Starch 

When using red starch on solid medium to assay phage for amylase 
15 activity, it is common to see contaminating colony forming units (cfii) that form clearing 
zones in the red starch. For pintooled plates, it is important to distinguish amylase- 
positive phage clones from these contaminants whenever they align with a particular well 
position. The source of the contaminating microbes is presumably the 2% red starch stock 
solution, which cannot be sterilized by autoclaving or by filtering after preparation. It is 
20 thought that they are opportunistic organisms that survive by metabolizing the red starch. 
In order to reduce these contaminants, use sterile technique when making 2% red starch 
solutions and store the stocks either at 4°C or on ice. 



EXAMPLE 8: Bioinformatic Analysis 
25 The following example describes an exemplary method for determining if 

a polypeptide is within the scope of the invention, e.g., by Bioinformatic Analysis. 

An initial bioinformatic analysis was made with the known hyper- 

thermophilic a-amylase sequences. Figure 14a shows an alignment of the sequences 

some of which have been deposited at the NCB1 database. This analysis revealed the 
30 potential for designing degenerate primers to PCR the entire gene minus its signal 

sequence (see Figure 14a), yielding potentially novel full-length alpha amylases from a 

library. 
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The following libraries were screened by PCR from genomic DNA: 



Table 6: 
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170 


Deep sea enrichment 


Yes 


Yes 


198 


Archaeglobns 


No 




206 


Acidianus sp 


No 




453 


Mixed iceland enrich 


No 




455 


Mixed iceland enrich 


Yes 


Yes 



Figure 14b shows an alignment of the identified sequences and Table 7, 
5 illustrated in Figure 1 8, lists their relative percent identities. 

The amino acid identity ranges from about 85-98% identity. Accordingly, 
these sequences are useful in shuffling of genes as described herein. 

Figure 14c shows the nucleic acid alignment of the corresponding 
polypeptide sequences above. Expression of these amylases in the expression vector 
10 pSE420 and the host cell line XLl-Blue showed 1703 and 1706 to have amylase activity. 

EXAMPLE 9: Characterization of Library 63 GP-1 alpha amylase pH optimum and 

specific activity determination 

The following example describes an exemplary method for determining if 
15 a polypeptide is within the scope of the invention, e.g., by alpha amylase activity pH 

optimum and specific activity determination. 

In initial experiments, the SEQ ID NO: 81 from Thermococcus showed 

that it was effective in both starch liquefaction for corn wet milling and desizing for 

textiles. This enzyme has a pH optimum of 4.5 to 5.0. At this lower pH, it is possible to 
20 use little or no calcium which lowers overall operating costs and less byproduct 

formation. In addition, at this low pH, there is decreased chemical usage and ion 
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exchange load. The industry standard B. licheniformis amylase is suboptimal in both 
thermostability and pH optimum. The 63GP-1 amylase has a higher application specific 
activity compared to B. licheniformis amylase and therefore much less enzyme is 
required to hydrolyze a ton of starch (as much as 20-fold less enzyme can be used). 
5 The pH optimum for the hydrolysis of starch was determined by reacting 

50 uL of the GP-1, 0.35 U/ml, with a 100ml of 1% soluble starch solution (0.0175U/g of 
starch) for 30 minutes at 95 degrees C. The reducing ends generated in the liquefied 
starch solution were measured by the neocupronine assay, described herein. The percent 
hydrolysis of cornstarch was determined by measuring the number of sugar reducing ends 

10 produced with the neocupronine assay. Seventy grams of buffer solution (pH4-7) was 
weighed and 1 OOppm of calcium was added. Thirty grams of cornstarch was mixed into 
the buffer solution to form a starch slurry. The enzyme was added and the vessels sealed 
and incubated at 95 degrees C for 30 minutes with an initial heating rate of six degrees C 
per minute. A 1 ml sample was extracted from the reaction beakers and analyzed by the 

15 neocupronine assay. The optimum for GP-i was between pH 4.5 and 5 , while the 
commercial B. licheniformis amylase performed optimally at about pH 6.0. 

EXAMPLE 10: Amylase Ligation Reassembly 

The following example describes, inter alia, exemplary methods for 

20 determining if a polypeptide is within the scope of the invention, e.g., by the assays 
described below. 

Assay Using RBB-starch 

75|xl of RBB-starch substrate (1% RBB-insoluble corn starch in 50mM 
NaAc buffer, pH=4.5) was added into each well of a new 96-well plate (V-bottom). Five 

25 micro-liters of enzyme lysate was transferred into each well with substrate using Biomek 
or Zymark. The plates were sealed with aluminum sealing tape and shaken briefly on the 
shaker. The plates were incubated at 90°C for 30 minutes, followed by cooling at room 
temperature for about 5 to 10 minutes. One hundred micro-liters of 100% ethanol was 
added to each well, the plates sealed and shaken briefly on the shaker. The plates were 

30 then centrifuged 4000 rpm for 20 minutes using bench-top centrifuge. lOOjil of the 
supernatant was transferred into a new 96-well plate (flat bottom) by Biomek and read 
OD595. Controls: SEQ ID NO:81, SEQ ID NO:77, SEQ ID NO:79. 
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Assay using FITC-starch 

Added 50\x\ of substrate (0.01% FITC-starch in lOOmM NaAc buffer, 
pH=4.5) into each well of a new 384-well plate. Transferred 5\x\ of enzyme lysate into 
each well with substrate and incubated the plate at room temperature overnight. The 
5 polarization change of the substrate, excitation 485nm, emission 535nm, was read for 
each well. Controls: SEQ ID NO.: 81, SEQ ID NO.: 77, SEQ ID NO.: 79, Preferably 96 
well plates are used for all assays. 

* 

Confirmation of new active clones 

Each positive clone from screening was grown and induced using a 
10 standard protocol. Each clone was examined for growth (i.e., cell density over time), 
activity at per cell level (RBB-starch assay and liquefaction assay), expression (protein 
gel) and solubility of protein (by microscope analysis). The confirmed new elevated 
clones were transferred for fermentation. 

15 

Example 1 1 : Exemplary protocol for liquefying starch and measuring results 

The following example described and exemplary protocol for liquefying 
starch using selected amylases of the invention. 
20 Amylases having a sequence as set forth in SEQ ID NO: 1 0 and SEQ ID 

NO:4 demonstrated activity on liquefied starch at pH 4.5 or 6.5 using the reaction 
conditions show below. 

Reaction Conditions: 100 mM PO4 pH 6.5, 1% (w/w) liquefied starch DE 
12 at 55°C. Both TLC and HPLC assays were done to verify activity. The data from both 
25 assays showed that the clones were active. 

pH profiles for the amylases having a sequence as set forth in SEQ ID 
NO:4 and SEQ ID NO:10 were run using phosphate buffer pHed from 3.0 - 6.5, at 55°C. 
From the amount of observable hydrolysis, it could be visually said that the clones were 
more active at certain pH values than at other values at the above indicated reaction 
30 conditions: 

SEQ ID NO:4 - active from pH 5.0 - 6.5 
SEQ ID NO: 10 - active from pH 4.5 - 6.5 
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An exemplary protocol for the saccharifi cation of liquefied starch at pH 

6.5: 

Adjust the pH of the liquefied starch to the pH at which the 
saccharification(s) will be performed. Liquefy starch in 100 mM sodium acetate buffer, 
5 pH 4.5 with 100 mM sodium phosphate salts added so that before saccharification, the pH 
could be adjusted to pH 6.5. 

Weigh 5 gram samples of liquefied starch into tared bottles. 
Use 0.04% (w/w) Optidex L-400 or approximately 400 mL of 1 - 1 0 
diluted stock Optidex L-400 per 100 grams of liquefied starch. 
10 • Calculate the milligrams of Optidex L-400 contained in the 400 mL 

of 1-10 diluted stock Optidex L-400. Next, calculate the volume of lysates needed to 
give the same concentration of enzyme as the Optidex L-400. 

Add enzymes to liquefied starch samples and incubate at desired 
temperature (50C°). After 1 8 hours determine DE and prepare a sample for HPLC 
15 analysis. 

An exemplary DE Determination: 
Exemplary Neocuproine Assay: 

A 100ml sample was added to 2.0ml of neocuproine solution A (40g/L 
sodium carbonate, 16g/L glycine, 0.45g/L copper sulfate). To this was added 2.0 ml of 
20 neocuproine solution B ( 1 .2g/L neocuproine hydrochloride-Sigma N- 1 626). The tubes 
were mixed and heated in a boiling water bath for 12 minutes; cooled, diluted to 10ml 
volume with Dl water and the OD read at 450nm on the spectrophotometer. The glucose 
equivalent in the sample was extrapolated from the response of a 0.2mg/ml glucose 
standard run simultaneously. 
25 Exemplary HPLC Analysis: 

Saccharification carbohydrate profiles are measured by HPLC (Bio-Rad 
Aminex HPX-87A column in silver form, 80°C) using refractive index detection. Mobile 
phase is filtered Millipore water used at a flow rate of 0.7 ml/min. Saccharification 
samples are diluted 1-10 with acidified DI water (5 drops of 6 M HC1 into 200 mLDI 
30 water) then filtered through a 0.45 mm syringe filter. Injection volume is 20 uL. 

Exemplary TLC: 

Reaction products were w/d at hourly timepoints and spotted and dried on 
a TLC plate. The Plate was then developed in 10:90 water:isopropanol and visualized 
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with either a vanillin stain or CAM stain and then heated to show reducible sugars. The 
liquefied starch was partially hydrolyzed to glucose in cases where activity was observed. 

EXAMPLE 12: Starch Liquefaction using Amylases of the Invention 
5 This example describes an exemplary method of the invention for 

liquefying starch using amylases of the invention. 

Amylase concentrate was prepared from fermentation broths by heat 
treatment, cell washing, alkaline extraction using microfiltration and ultrafiltration (48% 
overall yield). The UF concentrate was neutralized with acetic acid and formulated with 
10 30% glycerol at pH 4.5. The activity level of the slurry formulation was representative of 
a commercial product (120U ! /g - 0.5kg/ ton starch). 

Standard Amylase Activity Assay 

A 1 mL cuvette containing 950 |iL of 50 mM MOPS pH 7.0 containing 5 
mM PNP-a- D — hexa-(l— >4)-glucopyranoside was placed in the Peltier temperature 

15 controller of the Beckman DU-7400 spectrophotometer preheated to 80°C. The 

spectrophotometer was blanked at 405nm and 50 jaL of the enzyme solution was added to 
the cuvette, mixed well and the increase in the OD405nm was monitored over a one-minute 
interval. The AOD^snm/min rate is converted to a standard unit of ^mole/minute from the 
OD405nm response of 50 ^iL of 1 |imole/mL PNP in 950 mL 50 mM MOPS at pH 7.0 - 

20 80°C. One standard Diversa unit of thermostable alpha amylase (DTAA) is equal to the 
amount of enzyme that will catalyze the release of 1 |imole/mL/minute of pNP under the 
defined conditions of the assay. 



25 Standard Glucoamvlase Activity Assay 

A 1 mL cuvette containing 950 \iL of 50 mM MOPS pH 7.0 containing 5 
mM pNP-a- D-glucopyranoside was placed in the Peltier temperature controller of the 
Beckman DU-7400 spectrophotometer preheated to 60°C. The spectrophotometer was 
blanked at 405nm and 50 jiL of the enzyme solution was added to the cuvette, mixed well 

30 and the increase in the OD4o$nm was monitored over a one-minute interval. The 

AOD 4 o5nm/niin rate is converted to a standard unit of (imole/minute from the OD405nm 
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response of 50 |iL of 1 |imole/mL pNP in 950 mL 50 mM MOPS at pH 7.0-60°C. One 
standard Di versa unit of ghicoamylase (DGA) is equal to the amount of enzyme that will 
catalyze the release of 1 fimole/mL/minute of pNP under the defined conditions of the 
assay. 

Dextrose Equivalent Determination 

The neocuproine method was used to measure the DE. Selected samples 
were measured by both the invention procedure and by a GPC analyst using the GPC 
Fehlings procedure. 

Neocuproine Assay 

A 100 |il sample was added to 2.0 ml of neocuproine solution A (40 g/L 
sodium carbonate, 16g/L glycine, 0.45g/L copper sulfate). To this was added 2.0 ml of 
neocuproine solution B (1 .2 g/L neocuproine hydrochloride-Sigma N-1626). The tubes 
were mixed and heated in a boiling water bath for 1 2 minutes; cooled, diluted to 10ml 
volume with DI water and the OD read at 450 nm on the spectrophotometer. The glucose 
equivalent in the sample was extrapolated from the response of a 0.2mg/ml glucose 
standard run simultaneously. 

The starch sample is diluted -1 to 16 with DI water with the exact dilution 
recorded. Ten milliliters of the diluted sample was added to 20 mis of DI water. Ten 
milliliters of Fehlings solution A and B were added to the diluted starch. The sample was 
boiled for 3 minutes and cooled on ice. Ten milliliters of 30% KI and 10ml of 6N H 2 S0 4 
was added. The solution was titrated against 0.1N sodium thiosulfate. The titrant volume 
is recorded and used to calculate the DE. 

Residual Starch Determination 

Post-saccharification samples were checked for residual starch using the 
Staley iodine procedure. 

Twenty grams of sample was weighed into a large weigh dish. 45 nL of 
Iodine solution is added to the weigh dish and the starch solution is mixed well. Dark 
blue indicates the presence of starch, a light blue-green indicates slight starch, light green 
indicates a trace of starch and yellow-red, absence of starch. Iodine solution is prepared 
by dissolving 21 .25 grams of iodine and 40.0 grams of potassium iodide in one liter of 
water. 
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Oligosaccharide Profile 

Liquefaction and saccharification carbohydrate profiles were measured by 
HPLC (Bio-Rad Aminex HPX-87C column in calcium form - 80°C) using refractive 
index detection. 

5 Gel Permeation Chromatography 

The molecular weight distribution was determined by chromatography on 
a PL Aquagel-OH column with mass detection by refractive index (Waters Model 2410). 
A Viscotek Model T60 detector was used for continuous viscosity and light scattering 
measurements. 

10 Capillary Electrophoresis 

Beckman Coulter P/ACE MDQ Glycoprotein System - separation of 
APTS derivatized oligosaccharides on a fused silica capillary - detection by laser-induced 
fluorescence. 

Primary Liquefaction 

15 Line starch directly from the GPC process is pumped into a 60 liter feed 

tank where pH, DS (dry solids) and calcium level can be adjusted before liquefaction. 
The amylase is added to the slurry. The 32% DS slurry is pumped at 0.7 liter/minute by a 
positive displacement pump to the jet - a pressurized mixing chamber where the starch 
slurry is instantaneously heated to greater than 100C by steam injection. The gelatinized 

20 partially liquefied starch is pumped through a network of piping (still under pressure) to 
give the desired dwell time (5 minutes) at temperature. The pressure is released into a 
flash tank and samples can be taken. Samples were taken in duplicate. 

Secondary Liquefaction 

The liquefied starch was collected in one liter glass bottles and held in a 

25 water bath at 95C for 90 minutes. 
Saccharification 

Liquefied starch was cooled to 60C, the pH adjusted to 4.5 and the 
samples treated with glucoamylase. Saccharification progress was monitored over time 
30 by HPLC. 
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Saccharification 

The liquefied syrups produced with each amylase were adjusted to 
approximately pH 2.5 with 6N HC1 immediately after the 90 minute secondary 
liquefaction to inactivate any residual amylase. The syrups were then adjusted to pH 4.5, 
placed in a 60°C water bath and saccharified with three levels of glucoamylase. The 
extent of saccharification was monitored by HPLC at 1 8-88 hour time points. 

The liquefied syrups were saccharified with the standard dosage - 0.04% 
of a double-strength glucoamylase - and two lower dosages (50% and 25%) to monitor 
any differences in the saccharification progress. 

Saccharification Progress - % dextrose development vs time - 0.04% 
glucoamylase 



Amylase 


18hr 


24 hr 


40 hr 


44 hr 


88 hr 


Commercial 


70.2 


78.4 


86.1 


86.7 


94.2 


SEQID 
NO:437 


79 


88.6 


92.5 


92.8 


95.3 


SEQID 
NO:6 


74.1 


85.9 


91.9 


91.6 


94.8 



Saccharification Progress - % dextrose development vs time - 0.02% 
glucoamylase 



Amylase 


18 
hr 


24 hr 


40 hr 


44 hr 


88 hr 


B.licheniformis 
Amylase 


54.5 


66.7 


76.1 


77.2 


90.9 


SEQID 
NO:437 


60.1 


72 


84.8 


85.3 


93.6 


SEQID 
NO:6 


57.1 


70 


84 


86.5 


92.5 



Post-Saccharification sugar profile 
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In these studies and all previous saccharification studies, the final glucose 
level achieved after saccharification by amylases of the invention and B. licheniformis in 
liquefied syrups is essentially identical. The DP2 (maltose) level is also similar. These 
large fragments are poor substrates for glucoamylase and tend to be converted slowly, if 
5 at all, into smaller fragments and ultimately, glucose. 





Glucose 


DP2 


DP3 


>DP7 


SEQ ID NO:437 


95.25 


2.39 


1.13 


0.91 


Commercial 


94.16 


2.10 


0.39 


2.91 


SEQ ID NO:6 


94.77 


2.27 


1.48 


0.82 



Molecular weight distribution 

The molecular weight distribution of syrups liquefied to DE's of 12 and 18 by the 
10 exemplary amylases of the invention SEQ ID NO:6 and SEQ ID NO:437, and 

commercial Bacillus licheniformis and commercial Bacillus stearothermophilus, were 
measured by gel permeation chromatography using detection by refractive index, light 
scattering and viscosity. Both the B. licheniformis and B. stearothermophilus amylases 
generate a bimodal distribution - the primary peak centered at 2000, a secondary peak at 
15 32,000 with a shoulder extending past the 160,000 range. The lower molecular weight 
peak represents approximately 60% of the total mass of the sample. The exemplary 
amylases of the invention exhibit a single peak at 2000 with very little above 30,000. 



20 HPLC 

The DE 1 2 and 1 8 syrups produced by the exemplary amylases of the 
invention SEQ ID NO:6 and SEQ ID NO:437 and commercial Bacillus licheniformis and 
commercial Bacillus stearothermophilus amylases were analyzed by HPLC. Both 
techniques produce fingerprints characteristic of each class of amylase; the 
25 oligosaccharide patterns are different for B. licheniformis amylase vs B. 

stearothermophilus amylase vs the exemplary amylases of the invention. The liquefied 
syrups of the invention (e.g., syrups made by methods of the invention and/or made by 
enzymes of the invention) exhibit evidence of greater branching in the oligosaccharides. 
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HPLC only resolve the oligosaccharides in the <DP1 5 range - larger fragments are not 
visible in these techniques. Bacillus amylases are known to liquefy starch in a manner 
such that the amylopectin fraction is hydrolyzed less extensively than the amylose 
fraction. These >DP30 amylopectin fragments are contained in the high molecular weight 
5 fraction centered at 32,000 and consequently, little evidence of branching is seen in the 
HPLC analyses of the Bacillus liquefied syrups. The <DP15 oligosaccharides from 
Invention- amylases contain fragments from both amylose and amylopectin. 

EXAMPLE 13: Starch Liquefaction at acidic conditions using amylases of the invention 

10 The invention provides methods for liquefying starch using amylases of 

the invention, including amylases active under acidic conditions, e.g., between about pH 
4.0 and 5.0, e.g., pH 4.5. The conversion of starch to glucose can be catalyzed by the 
sequence action of two enzymes: alpha-amylases of the invention to liquefy the starch 
(e.g., the hydrolysis of high molecular weight glucose polymers to oligosaccharides 

1 5 consisting of 2 to 20 glycose units, typically a dextrose equivalent of 1 0 to 1 2, by an 
amylase of the invention), followed by saccharification with a glycoamylase (which can 
be a glycoamylase of the invention). In one aspect, processing is in a corn wet milling 
plant producing a starch slurry having a pH or about 4.0 to 4.5. In one aspect, the pH is 
raised, e.g., to 5.8 to 6.0 before liquefaction to accommodate an alpha amylase with a low 

20 pH activity and stability (which can be an alpha amylase of the invention). In one aspect, 
amylases of the invention can liquefy starch at pH 4.5 to dextrose equivalents ranging 
from 12 to 18; in one aspect, using alpha amylases of the invention at levels of about 3 to 
6 grams per ton of starch. In this aspect, use of alpha amylases of the invention enables 
starch liquefaction to be conducted at pH 4.5. 

25 In one aspect, starch liquefaction is conducted at pH 4.5 for 5 minutes at 

105°C to 90 minutes at 95°C using amylases of the invention. The quantity of enzyme 
was adjusted in order to adjust a target DE of 12 to 15 after liquefaction. In one aspect, 
the liquefied starch is then saccharified with a glucoamylase, e.g., an Aspergillis 
glucoamylase, for about 48 hours at about pH 4.5 and 60°C. If the saccharified syrup did 

30 not contain at least 95% glucose, the target liquefaction DE was raised and the 

saccharification repeated until the liquefaction eventually did produce a saccharified 
syrup containing more than 95% glucose. The amylase protein required to produce a 
suitable liquefied feedstock for saccharification was determined by PAGE. 



WO 2004/091544 



PCT/US2004/007096 



EXAMPLE 14: Starch Liquefaction using amylases of the Invention 

* 

This example describes an exemplary method for liquefying starch using 
amylases of the invention and characterizes liquefaction oligosaccharide patterns of the 
5 exemplary enzymes of the invention SEQ ID NO:6 and SEQ ID NO:437 (encoded by 
SEQ ID NO:436) vs commercial Bacillus licheniformis and Bacillus stearothermophilus 
amylases. These results compare the saccharification progress and final dextrose levels 
from syrups generated by enzymes of the invention and commercial amylases. 

Three commercial enzymes, Genencor Spezyme AA, and two others all 
10 required more than double the recommended dosage to achieve the target Dextrose 
equivalent (DE). Dextrose equivalent (DE) is the industry standard for measuring the 
concentration of total reducing sugars, calculated as D-glucose on a dry weight basis. 
Unhydrolyzed granular starch has a DE of virtually zero, whereas the DE of D-glucose is 
defined as 100. 

15 These results confirm the "double dosage" effect for all Bacillus amylases 

and gives more credence to the proposal that the observed dosage for SEQ ID NO:437 in 
the trials is also twice the value which would be required under more normal conditions. 
The projected "normal" dosage, 60-70 Units/kilo starch at pH 4.5 to reach a 19 DE, is 
consistent with the laboratory liquefaction data. 

20 The oligosaccharide pattern generated by amylases of the invention is 

different from the Bacillus profiles. The molecular weight distribution for the Bacillus 
amylases (gel permeation chromatography with detection by light scattering and 
viscosity) is bimodal with a substantial fraction at the very high molecular weight range 
(>300,000) even at an 1 8DE. The SEQ ID NO:437 at 1 8DE exhibits a uniform 

25 distribution with nothing greater than 20,000. This is consistent with the lower viscosity 
for syrups of the invention (e.g., syrups made by methods of the invention, or, made using 
enzymes of the invention). The DP (degrees of polymerization) profiles as measured by 
HPLC also reflects this difference in action pattern. 

In this study, as well as in the previous studies, the final glucose level after 

30 saccharification of amylases of the invention liquefied syrups vs the Bacillus syrups is the 
same for both cases. However, saccharification data from, e.g., GPC studies, confirm that 
the non-dextrose residuals for the amylases of the invention are different from the 
Bacillus amylase syrups. Although the dextrose and maltose levels are essentially the 
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same for both, the amylases of the invention have a higher DP3 fraction but lower amount 
of the "highers" vs. the Bacillus enzyme. Consistent with the absence of high molecular 
weight fragments after liquefaction, the post saccharification syrups of the invention have 
a lower content of the >DP7 fraction. 





Glucose 


DP2 


DP3 


>DP7 


SEQ ID NO:2 


95.25 


2.39 


1.13 


0.91 


Commercial 


94.16 


2.10 


039 


2.91 


SEQ ID NO:6 


94.77 


2.27 


1.48 


0.82 



SEQ ID NO:437 amylase concentrate was prepared from fermentation 
broths by heat treatment, cell washing, alkaline extraction using microfiltration and 
ultrafiltration (48% overall yield). The UF concentrate was neutralized with acetic acid 
10 and formulated with 30% glycerol at pH 4.5. The activity level of the slurry formulation 
was representative of a commercial product (120Ul/g - 0.5kg/ ton starch). 

Example 15: Alkaline Amylases for Laundry and Autodishwash Applications 

In one aspect, the invention provides detergents comprising amylases of 
the invention, including amylases active under alkaline conditions, and methods of 
15 making and using them. 

Three alkali-stable amylase enzymes of the invention were compared to 
and outperformed a commercial benchmark enzyme with respect to features important in 
laundry and automatic dishwashing (ADW) applications: 

o Amylase having a sequence as set forth in SEQ ID NO:212 (encoded by 
20 SEQ ID NO:21 1) outperformed the purified commercial benchmark 

enzyme in the ADW wash test on starch-coated slides and was very 
resistant to hydrogen peroxide, 
o Amylase having a sequence as set forth in SEQ ID NO:210 (encoded by 
SEQ ID NO:209) and SEQ ID NO:212 (encoded by SEQ ID NO:21 1) 
25 outperformed the purified commercial benchmark enzyme in the presence 

of a laundry/ ADW formulation using a soluble substrate, 
o In the presence of chelators, amylase having a sequence as set forth in 
SEQ ID NO:439 (encoded by SEQ ID NO:438) was very stable and 
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amylase having a sequence as set forth in SEQ ID NO:441 (encoded by 
SEQ ID NO:440) was moderately stable, 
o Amylase having a sequence as set forth in SEQ ID NO:210 (encoded by 
SEQ ID NO:209) and amylase having a sequence as set forth in SEQ ID 
5 NO:212 (encoded by SEQ ID NO:21 1) and amylase having a sequence as 

set forth in SEQ ID NO:441 (encoded by SEQ ID NO:440) have very 
alkaline pH optima in the range of pH 10 to 1 1 . Amylase having a 
sequence as set forth in SEQ ID NO:445 (encoded by SEQ ID NO:444) 
and having a sequence as set forth in SEQ ID NO:439 (encoded by SEQ 
10 ID NO:438) have pH optima around 8 while retaining significant activity 

atpH 10. 

o Amylase having a sequence as set forth in SEQ ID NO:441 (encoded by 
SEQ ID NO:440) and having a sequence as set forth in SEQ ID NO:439 
(encoded by SEQ ID NO:438) were thermophilic, performing best at 65° 
15 to 70°C. 

Biochemical characterization 

Five amylases of the invention, three with alkaline pH optima, were 
characterized for pH optimum and temperature optimum, as described in Table 1. "SEQ 
ID NOS:209, 210" refers to an amylase having a sequence as set forth in SEQ ID 
20 NO: 1 1 0, encoded by SEQ ID NO:209, etc. 

Table 1 



Amylase 


pH optimum 


Temp, optimum (°C)* 


SEQIDNOS:209,210 


11 


55 


SEQ ID NOS:211,212 


10 


50 


SEQIDNOS:440,441 


10 


70 


SEQ ID NOS:444, 445 


8 


40 


SEQ ID NOS:438, 439 


8 


65 



Temperature optima were determined at pH 10 for the amylase having a 
sequence as set forth in SEQ ID NO:210, encoded by SEQ ID NO:209 ("SEQ ID 
NOS:209, 210"); SEQ ID NOS:21 1, 212; and SEQ ID NOS:440, 441 and at pH 8 
25 for SEQ ID NOS:444, 445 and SEQ ID NOS:438, 439. 

The pH profiles for amylases of the invention compared to the 
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benchmark enzyme currently used in a commercial laundry/ADW product are 
presented in Figure I. All of the enzymes of the invention demonstrated optimal 
activity between pH 8 and 10, whereas the commercial benchmark enzyme was 
most active at pH below 8 and had only residual activity at pH 10. Figure 19 
5 shows the pH profile of the tested amylases of the invention and the commercial 
benchmark enzyme. Purified protein was added to buffers of the indicated pH 
containing soluble substrate and the activity was measured. Initial rates were 
calculated over 1 0 min and converted to a percentage of the maximum rate. 

The temperature profiles of enzymes of the invention are 

10 presented in Figure 20. Three were most active between temperatures 45°C and 
55°C, while the amylase having a sequence as set forth in SEQ ID NO:441 
(encoded by SEQ ID NO:440) ("SEQ ID NOS:440, 441") and SEQ ID NOS:438, 
439 had optimum activity between 60°C and 70°C. Figure 20 shows the 
temperature activity profiles of the tested amylases of the invention. Activity of 

1 5 purified protein was measured at pH 1 0 (SEQ ID NOS:209, 2 1 0, SEQ ID 

NOS:21 1, 212, SEQ ID NOS:440, 441) or pH 8 (SEQ ID NOS:444, 445, SEQ ID 
NOS:438, 439) at the indicated temperature. Activity was measured either by a 
reducing sugar assay or by monitoring the fluorescence at 520 nm (485 nm 
excitation) when BODIPY-starch was used. Initial rates were calculated and 

20 converted to a percentage of the maximum rate. 

Application testing 

Experiments were designed to assess the activity and stability of the tested 
alkaline amylases of the invention in laundry/ADW formulations and with the 
components individually. Figures 21, 22 and 23 present the results of experiments using 
25 a soluble starch substrate. Figure 24 presents results using a solid substrate - the industry- 
standard starch-coated slides. 

Amylase having a sequence as set forth in SEQ ID NO:439 (encoded by 
SEQ ED NO:438) ( U SEQ ID NOS:438, 439") was very resistant to the chelator EDTA 
(Figure 21) and SEQ ID NOS:21 1, 212 displayed significant resistance to hydrogen 
30 peroxide (Figure 22). In contract, the commercial benchmark enzyme was not functional 
in the presence of either component under the conditions of the experiments. In the 
presence of the complete laundry/ADW formulation, SEQ ID NOS:209, 210 and SEQ ID 
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NOS:21 1, 212 were much more active on soluble substrate than the commercial 
benchmark enzyme (Figure 23). 

Figure 21 shows enzyme activity in the presence of EDTA. Purified 
proteins were incubated at 50°C in the presence or absence of 5mM EDTA for the 
5. indicated time, after which residual amylase activity was measured using soluble 
substrate. Activity in the presence of EDTA is expressed as the % of activity in the 
absence of chelator. Figure 22 shows enzyme activity in the presence of peroxide 
hydroxide. Purified proteins were incubated at 50°C in the presence or absence of 1M 
H2O2 for the indicated time after which amylase activity was measured using soluble 

10 starch. Activity in the presence of peroxide hydroxide is presented as the % of activity in 
the absence of H2O2. Figure 23 shows enzyme activity in the ADW solution (distilled 
water, hardening solution, bleach, chelators, surfactants) with soluble substrate 
(BODIPY-starch). Purified proteins reacted with the soluble starch at 40°C in the 
presence of laundry/ ADW formulation. Initial rates were calculated over 5 minutes and 

15 expressed as fluorescent units (FU)/s per ng of protein. 

The lead performers emerging from the tests on soluble substrate were the 
amylase having a sequence as set forth in SEQ ID NO:210 (encoded by SEQ ID NO:209) 
("SEQ ID NOS:209, 210") and SEQ ID NOS:21 1, 212. These amylases, along with SEQ 
ID NOS:440, 441, were compared with the commercial benchmark enzyme in the 

20 industry-standard wash test on the starch-coated slides. Results of these experiments are 
presented in Figure 24. The enzyme having a sequence as set forth in SEQ ID NO:212 
(encoded by SEQ ID NO:21 1) consistently outperformed the purified benchmark enzyme 
in this test although the formulated benchmark enzyme showed better performance. The 
nature of the benchmark commercial formulation is unknown, but the purified benchmark 

25 enzyme displayed two-fold increase in activity in the presence of Bovine Serum Albumin 
(BSA). Figure 24 shows the results of the wash tests with starch-coated slides. Purified 
proteins were incubated with slides at 50°C for 30 min in the presence of ADW solution 
(distilled water, water hardening solution, bleach, chelators, surfactants). Starch removal 
was measured comparing weight loss after the enzyme treatment to the initial weight of 

30 the slide. 

Summary of the characterization of exemplary amylases 

The gene encoding the amylase having a sequence as set forth in SEQ ID 
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NO:212 (encoded by SEQ ID NO:21 1) ("SEQ ID NOS:21 1, 212") was isolated from an 
environmental library collected from a biotope with a pH of 1 1 .0 and temp of 41 °C. The 
amylase encoded by this gene belongs to Family I and does not contain any known 
Starch/Carbohydrate Binding Domains. The protein has been expressed with and without 
5 a C-terminal histidine tag, and in non-glycosylating and a glycosylating host. Enzyme 
expressed in all of these Host/His tag combinations have pH optima around 10 and 
temperature optima around 50°C (experiments represented by Figures 19 and 20). The 
enzyme expressed in the glycosylating host with a His tag was used for the experiments 
represented by Figures 2 1 through 24. The presence of the His tag does not seem to 
10 affect specific activity, however, glycosylation appears to result in a slightly lower 
specific activity than that without glycosylation. 

In summary: 

• The best performer in these application assays was the amylase having a sequence 
as set forth in SEQ ID NO:212 (encoded by SEQ ID NO:21 1) ("SEQ ID 

15 NOS:21 1,212"). 

• pH and temperature optima of SEQ ID NOS:2 11,212 meet the requirements for 
laundry/ADW applications and SEQ ID NOS:21 1, 212, with proper formulation, 
should exceed the performance of the commercial benchmark enzyme. 

20 Example 16: Identification and characterization of a thermostable glucoamvlase 

The following example describes the identification and characterization of 
an exemplary thermostable amylase of the invention having glucoamylase activity. 

Nucleic Acid Extraction: The filamentous fungus Thermomyces 
lanuginosa ATCC 200065 was grown in liquid culture in Potato Dextrose Medium 
25 (Difco, BD, Franklin Lakes, NJ). Biomass was collected and high molecular weight 
genomic DNA was isolated using DNEASY™ (DNeasy) Plant Maxi Kit (Qiagen, 
Valencia, CA) using standard protocols. Total RNA was also isolated using RNEASY™ 
(RNeasy) Plant Mini Kit (Qiagen) using standard protocols. 

Library Construction: Thermomyces genomic DNA was partially digested 
30 with restriction enzymes and fragments between 1 -10 kb were purified for construction of 
a genome library. The fragments were ligated into the vector Lambda Zap Express™ 
(Stratagene, San Diego, CA) and packaged into infectable phage as per manufacturer's 
instructions. 

* 
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Library Screening: The above lambda library was used to infect XL1 Blue 
MRF' cells (Stratagene) in top agar. Approximately 50,000 pfu of phage was added to 
600 ul of cells OD600=1 . The mixture was incubated at 37°C for 15 minutes in a water 
bath and then added to 6 ml melted 0.7% top agar and plated onto NZY agar plates. The 
5 plate was then incubated overnight at 39°C. A nylon circle (F. Hoffinann-La Roche Ltd., 
Basel Switzerland) was laid on top of the resulting plaque lawn and lifted back up with 
some of the phage adhering to the nylon. The nylon was submerged in 1 .5M NaCl, 0.5M 
NaOH for 2 minutes, 1 .5M NaCl, 0.5M Tris pH 7.6 for 5 minutes and 2X SSC, 0.2M Tris 
pH7.6 for 30 seconds. The nylon filter was then UV crosslinked in a Stratagene 
10 crosslinker. 

A 639 bp PCR fragment from the glucoamylase gene of Aspergillus niger 
was generated from Aspergillus genomic DNA for use as a probe. The primers (5*- 
GCGACCTTGGATTCATGGTTGAGCAAC-3 ' (SEQ ID NO:595) and 5'- 
CACAATAG AG ACGAAGCCATCGGCGAA-3 ') (SEQ ID NO:596) were used in the 

15 PCR reaction that utilized the Expand High Fidelity PCR Kit™ (Roche) using 30 cycles 
of 95°C for 20 seconds, 55°C for 30 seconds, and 72°C for 1 minute in a thermal cycler. 
This PCR fragment is composed of exons 1-4 of the Aspergillus glucoamylase gene. The 
isolated PCR fragment was prepared as a radioactive probe using the Prime It Kit™ 
(Stratagene) following manufacturer's instructions. 

20 The library filter lifts were washed in a prehybridization solution (DIG 

Easy Hyb™, Roche) for two hours at 42°C in a hybridization oven (Robbins). The probe 
was added to 1 5ml fresh DIG Easy Hyb™ and used to replace the prehybridization 
solution. The filter was washed with probe overnight at 45°C. The probe was then 
removed and the filter washed once with 2X SSC, 0.1% SDS for 15 minutes, and twice 

25 with 0.1X SSC, 0.1% SDS for 15 minutes each. The nylon filter was then exposed to x- 
ray film overnight at -80C. Following developing, hybridization spots on the x-ray film 
were used to identify clones from the original plate. An agar plug was taken from the 
plate where the spots lined up and suspended in SM buffer to release the phage into 
solution. Several isolated plaques corresponding to Thermomyces genomic fragments 

30 containing all or part of the glucoamylase gene were thus isolated. 

100 ul of isolated phage stock was added to 200ul XL-1 Blue MRF' cells 
(Stratagene) and 1 ul Ex Assist™ helper phage (Stratagene). The mixture was incubated 
at 37C for 1 5 minutes, and 3 ml of 2X YT media was added. This was then incubated at 
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37°C with shaking for 2.5 hours. The mix was then heated for 20 minutes at 70°C and 
cooled on ice. 100 ul of the mix was removed and added to 200 ul SOLR cells 
(Stratagene) and incubated at 37C for 15 minutes. 50 ul was plated on LB kanamycin (50 
ug/ml) plates and incubated overnight at 37°C. Resulting colonies contain cloned 
5 genomic fragments in the plasmid pBK-CMV. 

Sequencing: DNA sequencing on candidate clones were performed with 
the BigDye Terminator Cycle Sequencing Version 2.0 Kit™ (Applied Biosystems, Foster 
City, CA) and a 3700 DNA Analyzer™ (Applied Biosystems) using manufacturer's 
protocols. A genomic clone was identified with a 4. 1 kb insert that contained the entire 

10 glucoamylase gene and flanking sequence, as set forth in SEQ ID NO:587. Potential 
introns were identified by comparing this sequence with consensus sequences for introns 
in Aspergillus. The Thermomyces lanuginosus nucleotide sequence has an open reading 
frame encoding a protein of 617 amino acids, interrupted by four introns of 64 bp, 61 bp, 
80 bp, and 57 bp respectively. 

15 cDNA Synthesis: The primers 5'- 

ATGTTATTCC AACCGACTTTGTGCGC-3 ' (SEQ ID NO:597) and 5'- 
TCATCGCCACCAAGAATTCACGGTG-3 ' (SEQ ID NO:598) were used in a cDNA 
synthesis reaction using a Thermoscript rtPCR Kit™ (Invitrogen) using manufacturer's 
protocols. The template for synthesis was total RNA isolated from Thermomyces 

20 lanuginosus cells growing on potato dextrose media (Difco). An 1 854 bp fragment from 
the reaction was isolated, cloned and sequenced, with the nucleic acid sequence set forth 
in SEQIDNO:593. 

Expression Cloning: Primers were designed for overexpression of 
Thermomyces glucoamylase in the host Pichia pastoris. The primers 5'- 

25 GTCTCGAGA AAAGAGCAACGGGCTCGCTCGAC-3 • (SEQ ID NO:599) and 5'- 
GTTCTAGATCATCGCCACCAAGAATTCACGGT-3 ' (SEQ ID NO:600) were used to 
generate a PCR fragment using the cDNA clone as a template using 30 cycles of 95°C for 
20 seconds, 55°C for 30 seconds, 72°C for 2 minutes, using Expand High Fidelity PCR 
Kit™ (Roche) and manufacturer's protocols. The PCR fragment was digested with the 

30 restriction enzymes Xho I and Xba I and ligated into the corresponding restriction sites of 
the plasmid pPIC Z alpha (Invitrogen). The construct was transformed into Pichia 
pastoris Strain X-33 (Invitrogen) where the construct integrates stably into the Pichia 
chromosome. Selection was based on resistance to zeocin. This construct was designed 
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such that the Pichia clone can be induced with methanol to secrete the mature 
Thermomyces glucoamylase into the media. 

A 1 -liter culture of the Pichia expression clone was inoculated with an 
overnight starter culture in BMGY and grown overnight at 30°C in a shake flask. The 
5 cells were collected by centrifugation the following day and resuspended in 1 liter of 
BMMY. The cells were cultured at 30°C in a shake flask for 3 days with methanol added 
to 0.5% final every 24 hours. The media containing the expressed glucoamylase enzyme 
was then collected and tested in a glucoamylase activity assay and SDS PAGE 
electrophoresed using standard protocols to determine the protein size. 

10 Primers were also designed for overexpression of the Thermomyces 

glucoamylase gene in Escherichia coli. The primers (SEQ ID NO:601) 5'- 
GTCC ATGGC AACGGGCTCGCTCG AC-3 ' and (SEQ ID NO:602) 5 9 - 
GTTCTAGATCATCGCC ACCAAGAATTC ACGGT-3 ' were used to generate a PCR 
product as before, from the cDNA template. The PCR fragment was digested with the 

15 restriction enzymes Nco I and Xba I and ligated into corresponding restriction sites of the 
plasmid pSE420 (Invitrogen). The construct was transformed into Escherichia coli Strain 
XL-1 Blue MR (Stratagene). Selection for the plasmid was based on ampicillin 
resistance. The glucoamylase gene is under the control of the lac-z promoter in this 
plasmid vector and is induced with IPTG (isopropyl-thio-galactopyranoside). The 

20 construct was designed such that the mature glucoamylase gene will be expressed within 
the Escherichia cell and will contain an extra methionine residue at the N-terminus. 

Standard assay: Enzyme aliquots were added to a solution of 5 mM buffer, 
3 mM malto-oligosaccharides (Sigma, M-3639) in a waterbath. 100 ul aliquots removed 
at time points to 200 ul glucose oxidase reagent (Sigma, GAGO-20) and incubated 37°C, 

25 30 min. The reaction was stopped with addition of 12 N sulfuric acid and the absorbance 
at 540 nm determined. The full-length version of the enzyme (SEQ ID NO:594) was 
tested for pH, temperature and substrate utilization. As noted below, data demonstrated 
that the pH optimum to be around pH 5.5. Data demonstrated that the enzyme (SEQ ID 
NO:8) is stable at 70°C with a rapid irreversible loss of activity between 70°C and 75°C. 

30 Data demonstrated that the enzyme (SEQ ID NO: 594) hydrolyses oligosaccharides down 
to maltose with the rate of hydrolysis being higher for longer saccharides. The rate in 
cleaving 1 ,6 linkages is much slower than 1 ,4 as observed in the substrate panose which 
has a 1 ,6 linkage at the non-reducing end. The catalytic domain version appears to be less 
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thermostable. The enzyme (SEQ ID NO:594) has a good rate of hydrolysis at 50°C but 
appears to die at 70°C. 

Activity Assay: Enzyme (SEQ ID NO: 594) activity was measured by the 
release of free glucose from an oligo-dextrin substrate. The liberated glucose was then 
5 oxidized in a coupled reaction resulting in a colored product. An enzyme (SEQ ID 
NO:594) aliquot added to solution of 5mM buffer, 3mM malto-oligosaccharides (Sigma, 
M-3639) in a water bath. 1 00 ul aliquots removed at time points to 200ul glucose oxidase 
reagent (Sigma, GAGO-20) and incubated 37°C, 30 min. The reaction was stopped with 
addition of 12 N sulfuric acid and the absorbance at 540 nm determined. Time points 
10 were then plotted to determine the relative rate for the reaction. 

pH Profile: Acetate buffer (pH 4.0, 4.5, 5.0, and 5.4) as well as phosphate 
buffer (pH 6.2, 7.0, 8.1) were used in an activity assay to determine the relative rate for 
the glucoamylase (SEQ ID NO:594) at each pH. The rates were then plotted, as 
illustrated in Figure 5. The enzyme (SEQ ID NO:594) appears to have maximal activity 
15 around pH 5.5. 

Temperature Profile: The relative rate of the enzyme (SEQ ID NO: 594) at 
various temperatures (50°C, 60°C, 70°C, 80°C, and 85°C) was determined in acetate 
buffer pH 5.3. The rates are plotted in Figure 6. The enzyme (SEQ ID NO:594) appears 
to have maximal activity at 70°C, above which there is a rapid loss of activity. 

20 Temperature Stability Data: Enzyme (SEQ ID NO:594) was added to 5 

mM acetate buffer at the indicated temperature. Enzyme (SEQ ID NO:594) aliquots were 
removed to ice at 4 minute intervals. The aliquots were then tested for activity on 
substrate for 20 minutes at 70°C, and the data is illustrated in Figure 7. 

Substrate Utilization: The dextrins maltose (G2), maltotriose (G3), panose 

25 (Pan), maltotetraose (G4), and maltoheptaose (G7), were substituted for the malto- 
oligosaccharides in the activity assay to test for substrate utilization of the glucoamylase 
(SEQ ID NO:594). Rate of glucose release for various substrates tested in 5 mM acetate 
buffer, 70°C. Substrates tested: maltose, maltotriose, panose, maltotetraose, and 
maltoheptaose, were all at 3 mM. The assay was then plotted in Figure 8. Then enzyme 

30 (SEQ ID NO:594) was able to hydrolyze straight-chain (1 ,4 linkages) dextrins down to 
maltose with a higher rate for the longer dextrins. The enzyme (SEQ ID NO:594) 
demonstrated low activity on 1,6 linkages as demonstrated by the substrate panose. 
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EXAMPLE 17: Glucoamvlase Activity Assav: BCA Reducing Ends Assay 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention, for example, by a BCA reducing ends 
5 assay. Glucoamylase activity can be determined using the following methodology. 

1 . Prepare 2 substrate solutions, as follows: 

a) 2% soluble starch (potato) pH 8 solution by dissolving 2 gm potato starch 
in 1 00 ml 1 00 mM sodium phosphate pH 8). 

b) 2% soluble starch (potato) pH 10 solution by dissolving 2 gm potato starch 
10 in 1 00 ml 1 00 mM sodium carbonate. 

Heat both solutions in a boiling water bath, while mixing, for 30-40 
minutes until starch dissolves. 

2. Prepare Solution A from 64 mg/ml sodium carbonate monohydrate, 
24 mg/ml sodium bicarbonate and 1.95 mg/ml BCA (4,4'-dicarboxy-2,2'- biquinoline 

15 disodium salt (Sigma Chemical cat # D-8284). Added above to dH20. 

3. Prepare solution B by combining 1 .24 mg/ml cupric sulfate 
pentahydrate and 1 .26 mg/ml L-serine. Add mixture to dH 2 0. 

4. Prepare a working reagent of a 1 : 1 ration of solutions A and B. 

5. Prepare a Maltose standard solution of 10 mM Maltose in dH 2 0, 
20 where the 1 0 mM maltose is combined in 2% soluble starch at desired pH to a final 

concentration of 0, 100, 200, 300, 400, 600 nM. The standard curve will be generated for 
each set of time-points. Since the curve is determined by adding 10 ul of the standards to 
the working reagent it works out to 0, 1, 2, 3, 4, 6 nmole maltose. 

6. Aliquot 1 ml of substrate solution into microcentrifuge tubes, 

25 equilibrate to desired temperature (5 min) in heat block or heated water bath. Add 50 ul of 
enzyme solution to the inside of the tube lid. 

7. While solution is equilibrating mix 5 ml of both solution A & B. 
Aliquot 100 ul to 96 well PCR plate. Set plate on ice. 

8. After 5 minute temperature equilibration, close lid on tubes, invert 
30 and vortex 3 times. Immediately aliquot 10 ul into plate as t=0 (zero time point). Leave 

enzyme mixture in heat block and aliquot 10 ul at each desired time point (e.g. 0, 5, 
10,15, 20, 30 minutes). 
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9. Ensure that 1 2 wells are left empty (only working reagent 
aliquotted) for the addition of 1 0 ul of standards, for the standard curve. 

10. When all time points are collected and standards are added, cover 
plate and heated to 80° C for 35 min. Cool plate on ice for 10 min. Add 100 ul H20 to 

5 all wells. Mix and aliquot 100 ul into flat bottomed 96- well plate and read absorbance at 
560 nm. 

1 1 . Zero each sample's time points against its own t=0 (subtract the 
average t=0 A560 value from other average A560 values). Convert the A560 (expe rimentai) to 
umole (Divide ASeO^pcrimentai) by the slope of the standard curve ( A560/umole). 

10 Generate a slope of the time points and the umole (in umole/min), multiply by 1 00 (as the 
umole value only accounts for the 10 ul used in the assay, not the amount made in the 1ml 
rxn). To get the specific activity divide the slope (in umole/min) by the mg of protein. 
All points should be done at a minimum in duplicate with three being best. Divide 
protein concentration (mg/ml) by any dilution to get mg used in assay. Divide the above 

15 slope by mg used in assay to get specific activity. See for example, Wong (2000) J. Agric. 
Food Chem. 48:4540-4543; Fox (1991) Anal. Biochem. 195, 93-96. 

EXAMPLE 18: Screening for Glucoamvlase activity 

The following example describes an exemplary method for determining if 
a polypeptide is within the scope of the invention. Glucoamylase activity of clones can 
20 be assessed by a number of methods known in the art. The following is the general 
methodology that can be used. 

The number of plaques screened, per plate, can be approximately 10,000 
pfu's. For each DNA library: about 50,000 plaques per isolated library and 200,000 
plaques per non-isolated library can be screened depending upon the pfu titer for the X 
25 Zap Express amplified lysate. 

Titer determination of Lambda Library 

8) \iL of Lambda Zap Express amplified library stock added to 600jiL E. coli MRF' cells 
(OD 60 o=1.0). To dilute MRF' stock, lOmM MgS0 4 is used. 

9) Incubate at 37°C for 1 5 minutes. 

30 10) Transfer suspension to 5-6mL of NZY top agar at 50 °C and gently mix. 

1 1 ) Immediately pour agar solution onto large (1 50mm) NZY media plate. 

12) Allow top agar to solidify completely (approximately 30 minutes), then invert plate. 



203 



WO 2004/091544 



PCT/US2004/007096 



1 3) Incubate the plate at 39 °C for 8-12 hours. 

14) Number of plaques is approximated. Phage titer determined to give 10,000 pfu/plate. 
Dilute an aliquot of Library phage with SM buffer if needed. 

Substrate screening 

5 1 3) Lambda Zap Express (50,000 pfu) from amplified library added to 600^L of E. coli 
MRF' cells (OD600=1.0). For non-environment libraries, prepare 4 tubes (50,000 pfu 
per tube). 

14) Incubate at 37 °C for 15 minutes. 

1 5) While phage/cell suspension are incubating, 1 .OmL of red starch substrate (1 2% w/v) 
10 is added to 6.0mL NZY top agar at 50 °C and mixed thoroughly. Keep solution at 

50°C until needed. 

16) Transfer 1/5 (10,000 pfu) of the cell suspension to substrate/top agar solution and 
gently mixed. 

1 7) Solution is immediately poured onto large (1 50mm) NZY media plate. 

15 18) Allow top agar to solidify completely (approximately 30 minutes), then invert plate. 

19) Repeat procedures 4-6 four times for the rest of the cell suspension (1/5 of the 
suspension each time). 

20) Incubate plates at 39°C for 8-12 hours. 

21) Plate observed for clearing zones (halos) around plaques. 

► 

20 22) Plaques with halos are cored out of agar and transferred to a sterile micro tube. A 

large bore 200|iL pipette tip works well to remove (core) the agar plug containing the 
desired plaque. 

23) Phages are re-suspended in 500(iL SM buffer. 20^iL Chloroform is added to inhibit 
any further cell growth. 
25 24) Pure phage suspension is incubated at room temperature for 4 hours or overnight 
before next step. 

Isolation of pure clones 
12) 10^L of re-suspended phage suspension is added to 500^L of E. coli MRF' cells 
(OD600=1.0). 
30 1 3) Incubate at 37°C for 1 5 minutes. 
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1 4) While phage/cell suspension is incubating, lmL of red starch substrate (1 .2% w/v) is 
added to 6.0mL NZY top agar at 50 °C and mixed thoroughly. Keep solution at 50 °C 
until needed. 

1 5) Cell suspension is transferred to substrate/top agar solution and gently mixed. 
5 1 6) Solution is immediately poured onto large (1 50mm) NZY media plate. 

17) Allow top agar to solidify completely (approximately 30 minutes), then invert plate. 

1 8) Plate incubated at 39°C for 8-1 2 hours. 

19) Plate observed for a clearing zone (halo) around a single plaque (pure clone). If a 
single plaque cannot be isolated, adjust titer and re-plate phage suspension. 

10 20) Single plaque with halo is cored out of agar and transferred to a sterile micro tube. A 
large bore 200|aL pipette tip works well to remove (core) the agar plug containing the 
desired plaque. To amplify the titer, core 5 single active plaques into a micro tube. 

21) Phages are re-suspended in 500|iL SM buffer. 20|iL Chloroform is added to inhibit 
any further cell growth. 

15 22) Pure phage suspension is incubated at room temperature for 4 hours or overnight 
before next step. The pure phage suspension is stored at -80 °C by adding DMSO 
into the phage suspension (7% v/v). 
Excision of pure clone 

17) 100^L of pure phage suspension is added to 200^L E. coli MRF cells (OD600=1.0). 
20 To this, l.O^tL of Ex Assist helper phage (>1 x 106 pfu/mL; Stratagene) is added. Use 

2059 Falcon tube for excision. 

1 8) Suspension is incubated at 37°C for 15 minutes. 

1 9) 3.0 mL of 2 x YT media is added to cell suspension. 

20) Incubate at 30 °C for at least 6 hours or overnight while shaking. 

25 21) Tube transferred to 70°C for 20 minutes. The phagemid suspension can be stored at 
4°C for 1 to 2 months. 

22) 100 ^iL of phagemid suspension transferred to a micro tube containing 200|iL of E. 
coli Exp 505 cells (OD600=1.0). 

23) Suspension incubated at 37 °C for 15 minutes. 
30 24) 300nL of SOB is added to the suspension. 

25) Suspension is incubated at 37°C for 30 to 45 minutes. 
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26) lOO^L of suspension is transferred to a small (90mm) LB media plate containing 
Kanamycin (LB media with Kanamycin 50ng/mL) for Zap Express DNA libraries or 
Ampicillin (LB media with Kanamycin 100|ig/mL) for Zap II DNA libraries. 

27) The rest of suspension is transferred to another small LB media plate. 
5 28) Use sterile glass beads to evenly distribute suspension on the plate. 

29) Plates are incubated at 30°C for 1 2 to 24 hours. 

30) Plate observed for colonies. 

31) Inoculate single colony into LB liquid media containing suitable antibiotic and 
incubate at 30 °C for 12 to 24 hours. 

10 32) Glycerol stock can be prepared by adding 80% glycerol into liquid culture (15% v/v) 
and stored at -80 °C. 
Activity verification 

7) 50|aL of liquid culture is transferred to a micro tube. Add 500|iL of 8% pH7 
Amylopectin Azure into the same tube. Prepare 2 tubes for each clone. 
15 8) Activity is tested at 50°C for 3 hours arid overnight. Use pH 7 buffer as control. 

9) Cool the test specimen at ice-water bath for 5 minutes. 

1 0) Add 750|iL of Ethanol and mixed thoroughly. 

1 1) Centrifuge at 13000 rpm (16000 g's) for 5 minutes. 

1 2) Measure OD of the supernatant at 595nm. 
20 RFLP analysis 

13) 1 .OmL of liquid culture is transferred to a sterile micro tube. 

14) Centrifuge at 13200 rpm (16000 g's) for 1 minute. 

15) Discard the supernatant. Add another 1.0 mL of liquid culture into the same sterile 
micro tube. 

25 1 6) Centrifuge at 1 3200 rpm (1 6000 g's) for 1 minute. 

1 7) Discard the supernatant. 

1 8) Follow QIAprep spin mini kit protocol for plasmid isolation. 

19) Check DNA concentration using BioPhotometer. 

20) Use Sac I and Kpn 1 for first double digestion. Incubate at 37 °C for 1 hour. 
30 21) Use Pst I and Xho I for second double digestion. Incubate at 37 °C for 1 hour. 

22) Add Loading dye into the digested sample. 

23) Run the digested sample on a 1 .0% agarose gel for 1 - 1 .5 hours at 1 20 volts. 
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24) View gel with gel imager. All clones with a different digest pattern will be sent for 
sequence analysis. 

EXAMPLE 1 9: Assay for glucoamvlases 

The following example describes an exemplary method for determining if 
5 a polypeptide is within the scope of the invention. 

Preparation Of Host Cultures 
5. Start an overnight culture of XL1 -Blue MRF' host cells. Use a single colony from 
a streak plate to inoculate 10 mL LB supplemented with 20 ug/mL tetracycline. 
Grow overnight culture shaking at 37°C for at least 16 hours. 
10 6. Using aseptic technique, inoculate a fresh 100 mL of LBtet day culture with XL1- 
Blue MRF* host from the overnight LBfet culture. 

7. Grow in a 37°C shaker until the OD reaches 0.75 - 1 .0. 

8. Pellet host cells at 1000 x g for 10 minutes and gently resuspend in 10 mM 
MgS0 4 at OD5. 

15 9. Dilute a small amount of host cells to OD1 for use in titering and pintooling. 

10. Host preparations can be used for up to 1 week when stored on ice or at 4°C. 

-To shorten growth time for the day culture, use ViX the usual Tet 
concentration in LB (ViX = 10 ug/mL), or omit the antibiotic altogether. 

-Do not use NZY when selecting with Tetracycline. The high Mg* 
20 concentration in NZY medium renders Tet inactive. 

Titering Lambda Libraries 

1 1 . Place three sterile microfuge tubes in a rack. 

12. Aliquot 995 uL prepared host cells in one tube and 45 uL prepared OD1 host cells 
into each of the two remaining tubes. 

25 13. Add 5 uL of lambda library to the tube containing 995 uL host cells and mix by 

vortexing. This results in a dilution factor of 200. 
14. Prepare 1/2,000 and 1/20,000 dilutions by consecutively adding 5 uL of previous 

dilution to the remaining two tubes containing 45 uL prepared host cells. Mix by 

vortexing after each dilution was made. 
30 15. Allow phage to adsorb to host by incubating at 37°C for 15 minutes. 
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16. Meanwhile, pipet 100 uL of prepared OD1 host cells to each of three Falcon 2059 
tubes. 

17. Add 5 uL of each dilution to a separate 2059 tube containing host cells. 

1 8. Plate each by adding 3 mL top agar to each tube and quickly pour over 90 mm 
NZY plates. Ensure a smooth, even distribution before the top agar hardens. 

19. Invert plates and incubate at 37°C overnight. 

20. Count plaques and calculate titer of the library stock (in plaque forming units 
(pfu) peruL). 

Lambda Microtiter Screening For glucoamylases 
Preparation 

5. Prepare a sufficient amount of XL1 -Blue MRF host culture, as described 
above, for the amount of screening planned. A culture of 100 mL is usually 
sufficient for screening 2-3 libraries. 

6. Autoclave several bottles compatible with the QFU12 dispenser. These are the 
wide-mouth Corning bottles, 250 mL containing a sealing ring around the lip. 

7. Make sure there are sufficient amounts of plates, top agar, BODIPY starch, 
red starch solution, etc. available for the screen. 

8. Schedule the Day 2 robot run with a representative from Automation. 
Dav 1 

10. Label the 1 536- well plates (black) with library screen and plate number. 
Tough-Tags™ tube stickers, cut in half width-wise, are ideal for labeling 1536 
well plates. 

1 1 . Calculate volumes of library, host cells and NZY medium necessary for the 
screen. This is easily done with an Excel spreadsheet. 

1 2. Combine the calculated volumes of lambda library and OD5 host cells in a 
sterile 250 mL wide-mouth Coming bottle (containing a sealing ring). 

13. Allow adsorption to occur at 37°C for 15 minutes. 

14. Add the calculated volume of NZY medium and mix well. This is referred to 
as the cell-phage-medium suspension. 

15. Perform a concomitant titer by combining 50 uL of the cell-phage-medium 
suspension with 250 uL of OD1 host cells in a Falcon 2059 tube, then plating with 
9 mL of top agar onto a 150 mm NZY plate. Incubate concomitant titer plate at 
37°C overnight. 
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16. Load the dispenser with the remainder of the suspension and array each 
labeled 1536-well plate at 4 uL per well. If the dispenser leaves air bubbles in 
some wells, they can be removed by centrifuging the plates at 200 x g for 1 
minute. 

5 17. Add 0.5 uL of positive control phage to well position AD46 of at least two of 
the assay plates. Use a strong glucoamylase-positive lambda clone for this 
purpose. The lambda versions of SEQ ID NO.: 1 13 or SEQ ID NO.: 199 are good 
choices for positive controls. 
1 8. Incubate assay plates at 37°C overnight in a humidified (>95%) incubator. 
10 Day 2 

21 . Count the pfu on the concomitant titer plate and determine the average seed 
density per well (in pfu per well). 

22. Pintool at least 2 plates of each library screen (preferably the 2 containing positive 
controls) as follows: 

1 5 a) Prepare 2 host lawn plates to act as a surface on which to pintool: combine 

250 uL of OD1 host cells with 2 mL 2% red starch and plate with 9 mL top 
agar onto 1 50 mm NZY plates. Hold each plate as level as possible as the top 
agar solidifies in order to produce an even hue of red across the plate. 

b) Using a twice flame-sterilized 1536 position pintool, replicate at least 2 of 
20 the screening plates onto the host lawn plates. 

c) Place the pintooled recipient plates in a laminar flow hood with the lids off 
for about 1 5-30 minutes (to vent off excess moisture). 

d) Replace the lids and incubate inverted at 37°C overnight. 

23. Prepare the 2X BODIPY starch substrate buffer as follows: 

25 a) Calculate the total volume of 2X substrate buffer solution needed for all 

screening plates at 4 uL per well (including any extra deadspace volume 
required by the dispenser) and measure this amount of 100 mM CAPS pH 
10.4 into a vessel appropriate for the dispenser used, 
b) Retrieve enough 0.5 mg tubes of BODIPY starch to produce the required 

30 volume of 2X substrate buffer [calculated in step a) above] at a final 

concentration of 20-30 ug/mL. 
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c) Dissolve each 0.5 mg tube in 50 uL DMSO at room temperature, protected 
from light, with frequent vortexing. This takes more than 1 5 minutes; some 
production lots of BODIPY starch dissolve better than others. 

d) Add 50 uL 1 OOmM CAPS buffer pH 10.4 to each tube and mix by vortexing. 
5 e) Pool the contents of all tubes and remove any undissolved aggregates by 

centrifuging for 1 minute at maximum speed in a microfuge. 

f) Add the supernatant to the rest of the 100 mM CAPS buffer measured in step 
a) above. 

g) Protect the 2X substrate buffer from light by wrapping in foil. 

10 24. Take plates and substrate buffer to the automation room and program the robot 
with the following parameters: 

a) dispense 4 uL substrate buffer per well 

b) 1 st read at 1 hour post-substrate, 2 nd read at 9 hours, and third read at 1 7 
hours; with 37°C incubation between reads 

15 c) excitation filter: 485 nm; emission filter: 535 nm 

d) set the Spectrafluor gain at 70, or the optimal gain for the batch of 2X 
substrate buffer prepared. 

e) ensure that the incubator used will protect assay plates from light. 
Day 3 

20 4. Check pintooled plates for clearings in the bacterial lawn at all positions 

corresponding to wells on the associated assay plate. Also check for clearings in 
the red starch in any of the pin positions. If plates containing positive controls 
. were used for pintooling, you should be able to see a large clearing zone in the red 
background. Be wary of contaminants that also form clearing zones in red starch 

25 (see comment "Contaminants That Form Clearing Zones in Red Starch"). 

5. Identify putative hits from the data file produced by the robot computer. 

The KANAL program produced by Engineering simplifies data analysis. As a rule 
of thumb, a putative hit is characterized as a well having signal intensity rising at 
least 1.5 fold over background. 

30 6. For each putative, remove 2 uL from the well and add to a tube containing 

500 uL SM buffer and 50 uL CHC13. Vortex to mix and store at 4°C. This 
solution will be referred to hereafter as the 4e-3 stock. The original screening 
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plates should be stored at 4°C, protected from light, at least until breakouts are 
complete. 

This is the recommended method of breaking out putative hits. It is a 
liquid phase assay that relies on confirmation of activity on BODIPY starch. 
5 Alternatively, putative hits can be plated directly onto solid phase plates containing red 
starch such that 2,000-3,000 pfu per hit are examined for clearing zones. However, 
inability to observe clearing zones on red starch is not necessarily an indication that a 
putative hit was a false positive. It would then need to be assayed using the format in 
which it was originally identified (i.e., liquid phase using BODIPY starch as substrate). 
10 In addition, very weak positives are more easily identified using the method detailed 
below. 
Davl 

25. In a sterile 50 mL conical tube, combine 0.5 mL OD5 host cells with 45.5 mL 
NZY. This will be referred to as the host-medium suspension. 
15 26. For each putative hit to be analyzed, aliquot 1 mL of host-medium suspension into 
each of 3 three sterile microfuge tubes. 

27. Set the 12-channel pipetman in multidispense mode with an aliquot size of 20 uL 
and an aliquot number of 2x. Mount the pipetman with a clean set of sterile tips. 

28. Pour about 1 mL of host-medium suspension into a new sterile solution basin and 
20 load the multichannel pipetman. 

29. Dispense 20 uL per well into the last row (row P) of a black 384-well plate (12 
channels x 2 = 24 wells). This row will be used later for the controls. 

30. Expel the remaining liquid in the tips by touching the tips against the surface of 
the basin and pressing the RESET button on the pipetman. Lay the pipetman down 

25 in a way to prevent contamination of the tips. There is no need to change the tips 

at this point. 

3 1 . Pour the remainder of the fluid in the basin into a waste container (like a beaker) 
taking care to avoid splash-back contamination. 

32. For the first putative to be analyzed, take 111 uL of the 4e-3 stock (see Day 2 in 
30 Lambda Microliter Screening for glucoamylases) and add it to the first in a set of 

three tubes containing 1 mL host-medium suspension (step 2). Vortex to mix. This 
\s Dilution A. 
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33. Take 1 1 1 uL of Dilution A and add to the next tube in the set. Vortex to mix. This 
is Dilution B. 

34. Take 1 1 1 uL of Dilution B and add to the last tube in the set. Vortex to mix. This 
is Dilution C. You should now have three dilutions of phage, where 

5 concentrations of each differ by a factor of 1 0. 

35. Pour the contents of Dilution C (the most dilute of the 3 samples) into the solution 
basin and load the multichannel pipetman. 

36. Dispense 20 uL per well into the first row of the 384-well plate (12 channels x2 = 
24 wells). 

10 37. Expel the remaining liquid in the tips by touching the tips against the surface of 

the basin and pressing the RESET button on the pipetman. Lay the pipetman down 
in a way to prevent contamination of the tips. There is no need to change the tips 
at this point. 
38. Empty the basin as described above. 

15 39. Pour the contents of Dilution B into the same basin and load the multichannel 
pipetman. 

40. Dispense 20 uL per well into the second row of the 384-well plate. 

41. Perform steps 13-16 similarly to dispense Dilution A into the third row of the 
plate. 

20 42. After all three dilutions have been arrayed into the first 3 rows of the plate, discard 
all tips and the solution basin into the biohazardous waste container. . 

43. Mount the pipetman with a clean set of sterile tips and open a new sterile solution 
basin. 

44. Repeat steps 8-19 for each remaining putative hit, using remaining rows on the 
25 plate up to row O. Five putative hits can be analyzed on one 384-well plate, with 

the last row (row P) saved for the controls. 

45. Add 0.5 uL of each control to a separate well. Use at least 2-3 separate controls, 
preferably covering a range of activity. 

46. Incubate assay plates at 37°C overnight in a humidified (>95%) incubator. 
30 Day 2 

47. Pintool all breakout plates onto a host lawn with red starch using the same method 
described for Day 2 in Lambda Microliter Screening for glucoamy loses, except 
that a 384 position pintool is used. 
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48. Prepare the 2X BODIPY starch substrate buffer as follows: 

a) Calculate the total volume of 2X substrate buffer solution needed for all 
breakout plates at 20 uL per well (including any extra deadspace volume 
required by the dispenser) and measure this amount of 100 mM CAPS pH 

5 10.4 into a vessel appropriate for the dispenser used. 

b) Retrieve enough 0.5 mg tubes of BODIPY starch to produce the required 
volume of 2X substrate buffer [calculated in step a) above] at a final 
concentration of 20-30 ug/mL. 

c) Dissolve each 0.5 mg tube in 50 uL DMSO at room temperature, protected 
10 from light, with frequent vortexing. This takes more than 1 5 minutes; some 

production lots of BODIPY starch dissolve better than others. 

d) Add 50 uL lOOmM CAPS buffer pH 10.4 to each tube and mix by vortexing. 

e) Pool the contents of all tubes and remove any undissolved aggregates by 
centrifuging for 1 minute at maximum speed in a microfuge. 

15 f) Add the supernatant to the rest of the 1 00 mM CAPS buffer measured in step 

a) above. 

g) Protect the 2X substrate buffer from light by wrapping in foil. 

49. Dispense 20 uL per well into all breakout plates. 

50. Wrap all plates in aluminum foil and incubate at room temperature for 2-6 hours. 
20 51. Read each plate in the Spectrafluor with the following settings: 

a) fluorescence read (excitation filter: 485 nm; emission filter: 535 nm) 

b) plate definition: 384 well black 

c) read from the top 

d) optimal gain 

• * 

25 e) number of flashes: 3 

52. On the resulting Excel spreadsheet, chart each putative's 3 rows in a separate 
graph and check for activity. Ensure that the positives controls produced signals 
over background. 

53. For each putative that appears to have a real signal among the wells, harvest a 
30 sample from a positive well as follows: 

a) Select a positive well from a row representing the highest initial dilution. 

b) Transfer 2 uL from that well into a tube containing 500 uL SM and 50 uL 
CHCI3. This is referred to as the breakout stock. 
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c) Store at 4°C 

54. Using methods previously described, plate about 10 uL of each breakout stock 
onto 1 50 mm NZY plates using red starch. The objective is to obtain several (at 
least 20) well-separated plaques from which to core isolates. 

5 Day 3 

55. Check pintooled plates for an acceptable incidence of clearings in the bacterial 
lawn corresponding to wells on the associated assay plate. Also check for 
clearings in the red starch in the positive controls and in any tested putatives. Be 
wary of contaminants that also form clearing zones in red starch (see below). 

10 56. From the solid phase plates containing dilutions of breakout stocks, core several 

isolated plaques, each into 500 uL SM with 50 uL CHCI3. This is referred to as the 
isolate stock. 

57. The isolate stocks can then be individually tested on BODIPY starch using 
methods described above. This step can be skipped if the plaque that was cored in 

15 step 2 produced a clearing zone in the red starch background. The isolate stocks 

were then be individually tested on BODIPY starch using methods described 
above. However, this step may be skipped if the plaque that was cored in step 2 
produced a clearing zone in the red starch background. 

Excisions 
20 Day 1 

58. In a Falcon 2059 tube, mix 200 uL OD1 XLl-Blue MRF host, 100 uL lambda 
isolate stock and 1 uL ExAssist phage stock. 

59. Incubate in 37°C shaker for 15 minutes. 

60. Add 3 mL NZY medium. 

25 61 . Incubate in 30°C shaker overnight. 
Day 2 

10. Heat to excision tube to 70°C for 20 minutes. 

1 1 . Centrifuge 1 000 x g for 1 0 minutes. 

12. In a Falcon 2059 tube, combine 50 uL supernatant with 200 uL EXP505 OD1 
30 host. 

1 3. Incubate in 37°C shaker for 1 5 minutes. 

14. Add 300 uL SOB medium. 
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15. Incubate in 37C shaker for 30-45 minutes. 

16. Plate 50 uL on large LBjtanso plate using sterile glass beads. If the plates are "dry", 
extra SOB medium can be added to help disburse the cells. 

17. Incubate plate at 30°C for at least 24 hours. 

5 1 8. Culture an isolate for sequencing and/or RFLP. 

Growth at 30°C reduces plasmid copy number and is used to mitigate the 
apparent toxicity of some glucoamylase clones. 

Contaminants That Form Clearing Zones in Red Starch 

When using red starch on solid medium to assay phage for glucoamylase 
10 activity, it is common to see contaminating colony forming units (cfu) that form clearing 
zones in the red starch. For pintooled plates, it is important to distinguish glucoamylase- 
positive phage clones from these contaminants whenever they align with a particular well 
position. The source of the contaminating microbes is presumably the 2% red starch stock 
solution, which cannot be sterilized by autoclaving or by filtering after preparation. It is 
15 thought that they are opportunistic organisms that survive by metabolizing the red starch. 
In order to reduce these contaminants, use sterile technique when making 2% red starch 
solutions and store the stocks either at 4°C or on ice. 



20 Assay Using RBB-starch 

75jil of RBB-starch substrate (1% RBB-insoluble corn starch in 50mM 
NaAc buffer, pH=4.5) can be added into each well of a new 96- well plate (V-bottom). 
Five micro-liters of enzyme lysate can be transferred into each well with substrate using 
Biomek or Zymark. The plates can be sealed with aluminum sealing tape and shaken 

25 briefly on the shaker. The plates can be incubated at 90°C for 30 minutes, followed by 
cooling at room temperature for about 5 to 10 minutes. One hundred micro-liters of 100% 
ethanol is added to each well, the plates sealed and shaken briefly on the shaker. The 
plates are then centrifuged 4000rpm for 20 minutes using bench-top centrifuge. lOOjal of 
the supernatant is transferred into a new 96-well plate (flat bottom) by Biomek and read 

30 OD 5 9s- 
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Assay using FITC-starch 

Add 50nl of substrate (0.01% FITC-starch in lOOmM NaAc buffer, 
pH=4.5) into each well of a new 384-well plate. Transfer 5fil of enzyme lysate into each 
well with substrate and incubate the plate at room temperature overnight. The 
5 polarization change of the substrate, excitation 485nm, emission 535nm, is read for each 
well. 96 well plates can be used for all assays. 

Example 20: Exemplary protocol for liquefying starch and measuring results 

The following example described and exemplary protocol for liquefying 
starch. Reaction Conditions: 100 mM P0 4 pH 6.5, 1% (w/w) liquefied starch DE 12 at 
10 55°C. Both TLC and HPLC assays can be done to verify activity. 

An exemplary protocol for the saccharifi cation of liquefied starch at pH 

6.5: 

Adjust the pH of the liquefied starch to the pH at which the 
saccharification(s) will be performed. Liquefy starch in 100 mM sodium acetate buffer, 
15 pH 4.5 with 100 mM sodium phosphate salts added so that before saccharification, the pH 
could be adjusted to pH 6.5. 

Weigh 5 gram samples of liquefied starch into tared bottles. 
Use 0.04% (w/w) Optidex L-400 or approximately 400 mL of 1 - 1 0 
diluted stock Optidex L-400 per 100 grams of liquefied starch. 
20 * Calculate the milligrams of Optidex L-400 contained in the 400 mL 

of 1-10 diluted stock Optidex L-400. Next, calculate the volume of lysates needed to 
give the same concentration of enzyme as the Optidex L-400. 

Add enzymes to liquefied starch samples and incubate at desired 
temperature (50C°). After 1 8 hours determine DE and prepare a sample for HPLC 
25 analysis. 

An exemplary DE Determination: 

Exemplary Neocuproine Assay: 

A 100ml sample can be added to 2.0ml of neocuproine solution A (40g/L 
sodium carbonate, 16g/L glycine, 0.45g/L copper sulfate). To this can be added 2.0 ml of 
30 neocuproine solution B ( 1 .2g/L neocuproine hydrochloride-Sigma N- 1 626). The tubes 
can be mixed and heated in a boiling water bath for 12 minutes; cooled, diluted to 10ml 
volume with DI water and the OD read at 450nm on the spectrophotometer. The glucose 
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equivalent in the sample can be extrapolated from the response of a 0.2mg/ml glucose 
standard run simultaneously. 

Exemplary HPLC Analysis: 

Saccharification carbohydrate profiles are measured by HPLC (Bio-Rad 
Aminex HPX-87A column in silver form, 80°C) using refractive index detection. Mobile 
phase is filtered MUlipore water used at a flow rate of 0.7 ml/min. Saccharification 
samples are diluted 1-10 with acidified DI water (5 drops of 6 M HC1 into 200 mL DI 
water) then filtered through a 0.45 mm syringe filter. Injection volume is 20 uL. 

Exemplary TLC: 

Reaction products can be w/d at hourly timepoints and spotted and dried 
on a TLC plate. The plate can be then developed in 10:90 water: isopropanol and 
visualized with either a vanillin stain or CAM stain and then heated to show reducible 
sugars. The liquefied starch can be partially hydrolyzed to glucose in cases where activity 
was observed. 

EXAMPLE 21: Starch Liquefaction using glucoamvlases 

This example describes an exemplary method of the invention for 
liquefying starch using glucoamylases of the invention. Glucoamylase concentrate can be 
prepared from fermentation broths by heat treatment, cell washing, alkaline extraction 
using microfiltration and ultrafiltration (48% overall yield). The UF concentrate can be 
neutralized with acetic acid and formulated with 30% glycerol at pH 4.5. The activity 
level of a commercial product can be about 120 UVg- 0.5 kg/ ton starch. 

Exemplary glucoamylase activity assay 

A 1 mL cuvette containing 950 \xL of 50 mM MOPS pH 7.0 containing 5 
mM PNP-a- D — hexa-(l-^4)-glucopyranoside is placed in the Peltier temperature 
controller of the Beckman DU-7400 spectrophotometer preheated to 80°C. The 
spectrophotometer is blanked at 405nm and 50 ^L of the enzyme solution is added to the 
cuvette, mixed well and the increase in the OD 4 05nm is monitored over a one-minute 
interval. The AOD 4 05nm/min rate is converted to a standard unit of ^mole/minute from the 
OD 4 05nm response of 50 pL of 1 ^mole/mL PNP in 950 mL 50 mM MOPS at pH 7.0 - 
80°C. One standard unit of thermostable alpha glucoamylase (DTAA) is equal to the 
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amount of enzyme that will catalyze the release of 1 ^mole/mL/minute of pNP under the 
defined conditions of the assay. 

Standard Glucoamvlase Activity Assay 

A 1 mL cuvette containing 950 \xL of 50 mM MOPS pH 7.0 containing 5 
5 mM pNP-a- D-glucopyranoside is placed in the Peltier temperature controller of the 
Beckman DU-7400 spectrophotometer preheated to 60°C. The spectrophotometer is 
blanked at 405nm and 50 ^iL of the enzyme solution is added to the cuvette, mixed well 
and the increase in the OD405nm is monitored over a one-minute interval. The 
AOD405nm/niin rate is converted to a standard unit of jimole/minute from the OD^snm 
10 response of 50 \xL of 1 |imole/mL pNP in 950 mL 50 mM MOPS at pH 7.0-60°C. One 
standard Diversa unit of glucoamylase (DGA) is equal to the amount of enzyme that will 
catalyze the release of 1 ^mole/mL/minute of pNP under the defined conditions of the 
assay. 

Dextrose Equivalent Determination 
15 The neocuproine method is used to measure the DE. Selected samples 

were measured by both the Invention procedure and by a GPC analyst using the GPC 
Fehlings procedure. 

Neocuproine Assay 

A 100 \x\ sample is added to 2.0 ml of neocuproine solution A (40 g/L 
20 sodium carbonate, 16g/L glycine, 0.45g/L copper sulfate). To this is added 2.0 ml of 
neocuproine solution B (1.2 g/L neocuproine hydrochloride-Sigma N-1626). The tubes 
were mixed and heated in a boiling water bath for 12 minutes; cooled, diluted to 10ml 
volume with DI water and the OD read at 450 nm on the spectrophotometer. The glucose 
equivalent in the sample is extrapolated from the response of a 0.2mg/ml glucose standard 
25 run simultaneously. 

The starch sample is diluted -1 to 16 with DI water with the exact dilution 
recorded. Ten milliliters of the diluted sample is added to 20 mis of DI water. Ten 
milliliters of Fehlings solution A and B were added to the diluted starch. The sample is 
boiled for 3 minutes and cooled on ice. Ten milliliters of 30% KI and 10ml of 6N H 2 S0 4 
30 is added. The solution is titrated against 0.1 N sodium thiosulfate. The titrant volume is 
recorded and used to calculate the DE. 
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Residual Starch Determination 

Post-saccharification samples were checked for residual starch using the 
Staley iodine procedure. 

Twenty grams of sample is weighed into a large weigh dish. 45 ^L of 
Iodine solution is added to the weigh dish and the starch solution is mixed well. Dark 
blue indicates the presence of starch, a light blue-green indicates slight starch, light green 
indicates a trace of starch and yellow-red, absence of starch. Iodine solution is prepared 
by dissolving 21 .25 grams of iodine and 40.0 grams of potassium iodide in one liter of 
water. 

Oligosaccharide Profile 

Liquefaction and saccharification carbohydrate profiles were measured by 
HPLC (Bio-Rad Aminex HPX-87C column in calcium form - 80°C) using refractive 
index detection. 

Gel Permeation Chromato|graphy 

The molecular weight distribution is determined by chromatography on a 
PL Aquagel-OH column with mass detection by refractive index (Waters Model 2410). 
A Viscotek Model T60 detector is used for continuous viscosity and light scattering 
measurements. 

Capillary Electrophoresis 

Beckman Coulter P/ACE MDQ Glycoprotein System - separation of 
APTS derivatized oligosaccharides on a fused silica capillary - detection by laser-induced 
fluorescence. 

Primary Liquefaction 

Line starch directly from the GPC process is pumped into a 60 liter feed 
tank where pH, DS (dry solids) and calcium level can be adjusted before liquefaction. 
The glucoamylase is added to the slurry. The 32% DS slurry is pumped at 0.7 
liter/minute by a positive displacement pump to the jet - a pressurized mixing chamber 
where the starch slurry is instantaneously heated to greater than 100°C by steam injection. 
The gelatinized partially liquefied starch is pumped through a network of piping (still 
under pressure) to give the desired dwell time (5 minutes) at temperature. The pressure is 
released into a flash tank and samples can be taken. Samples were taken in duplicate. 
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Secondary Liquefaction 

The liquefied starch is collected in one liter glass bottles and held in a 
water bath at 95°C for 90 minutes. 

Saccharification 

5 Liquefied starch is cooled to 60°C, the pH adjusted to 4.5 and the samples 

treated with glucoamylase. Saccharification progress is monitored over time by HPLC. 

Saccharification 

The liquefied syrups produced with each glucoamylase were adjusted to 
approximately pH 2.5 with 6N HC1 immediately after the 90 minute secondary 
10 liquefaction to inactivate any residual glucoamylase. The syrups were then adjusted to 
pH 4.5, placed in a 60°C water bath and saccharified with three levels of glucoamylase. 
The extent of saccharification is monitored by HPLC at 1 8 to 88 hour time points. 

The liquefied syrups were saccharified with the standard dosage - 0.04% 
of a double-strength glucoamylase - and two lower dosages (50% and 25%) to monitor 
15 any differences in the saccharification progress. 

Saccharification Progress - % dextrose development vs time - 0.04% 
glucoamylase. 



20 EXAMPLE 22: Starch Liquefaction at pH 4.5 using glucoamylases 

The conversion of starch to glucose can be catalyzed by the sequence 
action of two enzymes: amylases (e.g., alpha-amylases), including enzymes of the 
invention, to liquefy the starch (e.g., the hydrolysis of high molecular weight glucose 
polymers to oligosaccharides consisting of 2 to 20 glycose units, typically a dextrose 

25 equivalent of 1 0 to 1 2, by a glucoamylase of the invention), followed by saccharification 
with a glucoamylase (which can be a glucoamylase of the invention, e.g., SEQ ID 
NO:594). In one aspect, processing is in a corn wet milling plant producing a starch 
slurry having a pH or about 4.0 to 4.5. In one aspect, the pH is raised, e.g., to 5.8 to 6.0 
before liquefaction to accommodate a glucoamylase with a low pH activity and stability. 

30 In one aspect, glucoamylases of the invention can liquefy starch at pH 4.5 to dextrose 
equivalents ranging from 12 to 18; in one aspect, using glucoamylases of the invention at 
levels of about 3 to 6 grams per ton of starch. In this aspect, use of glucoamylases of the 
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invention enables starch liquefaction to be conducted at pH 4.5. 

In one aspect, starch liquefaction is conducted at pH 4.5 for 5 minutes at 
105°C to 90 minutes at 95°C using glucoamylases of the invention. The quantity of 
enzyme is adjusted in order to adjust a target DE of 12 to 15 after liquefaction. In one 

5 aspect, the liquefied starch is then saccharified with a glucoamylase, e.g., an Aspergillis 
glucoamylase, for about 48 hours at about pH 4.5 and 60°C. If the saccharified syrup did 
not contain at least 95% glucose, the target liquefaction DE is raised and the 
saccharification repeated until the liquefaction eventually did produce a saccharified 
syrup containing more than 95% glucose. The glucoamylase protein required to produce a 

10 suitable liquefied feedstock for saccharification is determined by PAGE. 

A number of embodiments of the invention have been described. 
Nevertheless, it will be understood that various modifications may be made without 
departing from the spirit and scope of the invention. Accordingly, other embodiments are 
15 within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . An isolated or recombinant nucleic acid comprising a nucleic acid 
sequence having at least 50% sequence identity to SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID 
NO:5, SEQ IDNO:9, SEQ ID NO:1 1, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, 

5 SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ 
ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID 
NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID 
NO:49, SEQ ID NO:51 , SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID 
NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID 

10 NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID 
NO:79, SEQ ID NO:81 , SEQ ID NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID 
NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID 
NO:99, SEQ ID NO:101, SEQ ID NO:103, SEQ ID NO:105, SEQ ID NO:107, SEQ ID 
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NO:446, SEQ ID NO:448, SEQ ID NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID 
NO:456, SEQ ID NO:458, SEQ ID NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID 
NO:465, SEQ ID NO:467, SEQ ID NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID 
NO:480, SEQ ID NO:484, SEQ ID NO:486, SEQ ID NO:492, SEQ ID NO:494, SEQ ID 
5 NO:498, SEQ ID NO:500, SEQ ID NO:509, SEQ ID N0:51 1, SEQ ID NO:515, SEQ ID 
NO:517, SEQ ID NO:517, SEQ ID NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID 
NO:527, SEQ ID NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID 
NO:541, SEQ ID NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID 
NO:558, SEQ ID NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID 

10 NO:571, SEQ ID NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID 
NO:581, SEQ ID NO:583, SEQ ID NO:585, SEQ ID NO:587, SEQ ID NO:593, SEQ ID 
NO:603, SEQ ID NO:605, SEQ ID NO:607, SEQ ID NO:609, SEQ ID NO:61 1, SEQ ED 
NO:613, SEQ ID NO:615, SEQ ID NO:617, SEQ ID NO:619 or SEQ ID NO:621, over a 
region of at least about 1 00 residues, wherein the nucleic acid encodes at least one 

15 polypeptide having an amylase activity, and the sequence identities are determined by 
analysis with a sequence comparison algorithm or by a visual inspection. 

2. The isolated or recombinant nucleic acid of claim 1 , wherein the 
sequence identity is over a region of at least about at least about 51%, 52%, 53%, 54%, 
20 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% 
or has 1 00% sequence identity. 

25 3. The isolated or recombinant nucleic acid of claim 1 , wherein the 

sequence identity is over a region of at least about 50, 75, 100, 150, 200, 250, 300, 350, 
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1 100, 1 150, 
1200, 1250, 1300, 1350, 1400, 1450, 1500, 1550 or more residues, or the full length of a 
gene or transcript. 

30 

4. The isolated or recombinant nucleic acid of claim 1 , wherein the 
nucleic acid sequence comprises a sequence as set forth in SEQ ID NO:l, SEQ ID NO:3, 
SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID 
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NO: 17, SEQ ID NO: 19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID 
NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID 
NO:37, SEQ ID NO:39, SEQ ID N0:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID 
NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID 
NO:57, SEQ ID NO:59, SEQ ID N0:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID 
NO:67, SEQ ID NO:69, SEQ ID N0:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID 
NO:77, SEQ ID NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85, SEQ ID 
NO:87, SEQ ID NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID 
NO:97, SEQ ID NO:99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID 
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NO:494, SEQ ID NO:498, SEQ ID NO:500, SEQ ID NO:509, SEQ ID N0:51 1, SEQ ID 
NO:515, SEQ ID NO:517, SEQ ID NO:517, SEQ IDNO:519, SEQ IDN0.522, SEQ ID 
NO:524, SEQ ID NO:527, SEQ ID NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID 
NO:539, SEQ ID NO:541, SEQ ID NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID 

5 NO:554, SEQ ID NO:558, SEQ ID NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID 
NO:569, SEQ ID NO:571, SEQ ID NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ID 
NO:579, SEQ ID NO:581, SEQ ID NO:583, SEQ ID NO:585, SEQ ID NO:587, SEQ ID 
NO:593, SEQ ID NO:603, SEQ ID NO:605, SEQ ID NO:607, SEQ ID NO:609, SEQ ID 
N0:61 1, SEQ ID NO:613, SEQ ID NO:615, SEQ ID NO:617, SEQ IDNO:619, SEQ ID 

10 NO-.621. 



5. The isolated or recombinant nucleic acid of claim 1 , wherein the 
nucleic acid sequence encodes a polypeptide having a sequence as set forth in SEQ ID 
NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, 

15 SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ 
ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID 
NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID 
NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID 
NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID 

20 NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ ID 
NO:76, SEQ ID NO:78, SEQ ID NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID 
NO:86, SEQ ID NO:88, SEQ ID NO:90, SEQ ID NO:92, SEQ ID NO:94, SEQ ID 
NO:96, SEQ IDNO:98, SEQ ID NO:100, SEQ IDNO:102, SEQ IDNO:104, SEQ ID 
NO: 106, SEQ ID NO: 108, SEQ ID NO:l 10, SEQ ID NO:l 12, SEQ ID NO:l 14, SEQ ID 

25 NO:l 16, SEQ ID NO:l 18, SEQ ID NO: 120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID 
NO: 126, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID 
NO:136, SEQ ID NO:138, SEQ ID NO:140, SEQ ID NO:142, SEQ ID NO:144, SEQ ID 
NO: 146, SEQ ID NO: 148, SEQ ID NO: 150, SEQ ID NO: 152, SEQ ID NO: 154, SEQ ID 
NO: 156, SEQ ID NO: 158, SEQ ID NO: 160, SEQ ID NO: 162, SEQ ID NO: 164, SEQ ID 

30 NO: 166, SEQ ID NO: 168, SEQ ID NO: 190, SEQ ID NO: 192, SEQ ID NO: 194, SEQ ID 
NO:204, SEQ ID NO:206, SEQ ID NO:208, SEQ ID NO:210, SEQ ID NO:212, SEQ ID 
NO:323, SEQ ID NO:325, SEQ ID NO:327, SEQ ID NO:329, SEQ ID NO:331, SEQ ID 
NO:333, SEQ ID NO:335, SEQ ID NO:337, SEQ ID NO:339, SEQ ID NO:341 , SEQ ID 
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NO:343, SEQ ID NO:345, SEQ ID NO:347, SEQ ID NO:349, SEQ ID NO:351, SEQ ID 
NO:353, SEQ ID NO:355, SEQ ID NO:357, SEQ ID NO:359, SEQ ID NO:361, SEQ ID 
NO:363, SEQ ID NO:365, SEQ ID NO:367, SEQ ID NO:369, SEQ ID NO:371, SEQ ID 
NO:373, SEQ ID NO:375, SEQ ID NO:377, SEQ ID NO:379, SEQ ID NO:381, SEQ ID 
5 NO:383, SEQ ID NO:385, SEQ ID NO:387, SEQ ID NO:389, SEQ ID NO:391, SEQ ID 
NO:393, SEQ ID NO:395, SEQ ID NO:397, SEQ ID NO:399, SEQ ID NO:401, SEQ ID 
NO:403, SEQ ID NO:405, SEQ ID NO:407, SEQ ID NO:409, SEQ ID N0:41 1 , SEQ ID 
NO:413, SEQ ID NO:415, SEQ ID NO:417, SEQ ID NO:419, SEQ ID NO:421, SEQ ID 
NO:423, SEQ ID NO:425, SEQ ED NO:427, SEQ ID NO:429, SEQ ID NO:431, SEQ ID 

10 NO:433, SEQ ID NO:435, SEQ ID NO:437, SEQ ID NO:439, SEQ ID NO:441 , SEQ ID 
NO:443, SEQ ID NO:445, SEQ ID NO:447, SEQ ID NO:449, SEQ ID NO:451, SEQ ID 
NO:453, SEQ ID NO:455, SEQ ID NO:457, SEQ ID NO:459, SEQ ID NO:461, SEQ ID 
NO:461, SEQ ID NO:463, SEQ ID NO:464, SEQ ID NO:466, SEQ ID NO:468, SEQ ID 
NO:469, SEQ ID NO:470, SEQ ID NO:471, SEQ ID NO:472, SEQ ID NO:474, SEQ ID 

15 NO:476, SEQ ID NO:477, SEQ ID NO:479, SEQ ID NO:481, SEQ ID NO:482, SEQ ID 
NO:483, SEQ ID NO:485, SEQ ID NO:487, SEQ ID NO:488, SEQ ID NO:489, SEQ ID 
NO:490, SEQ ID NO:491, SEQ ID NO:493, SEQ ID NO:495, SEQ ID NO:496, SEQ ID 
NO:497, SEQ ID NO:499, SEQ ID NO:501, SEQ ID NO:502, SEQ ID NO:503, SEQ ID 
NO:504, SEQ ID NO:505, SEQ ID NO:506, SEQ ID NO:507, SEQ ID NO:508, SEQ ID 

20 NO:510, SEQ ID NO:512, SEQ ID NO:513, SEQ IDNO:514, SEQ IDNO:516, SEQ ID 
NO.518, SEQ ID NO:518, SEQ ID NO:520, SEQ ID NO:521, SEQ ID NO:523, SEQ ID 
NO:525, SEQ ID NO:526, SEQ ID NO:528, SEQ ID NO.530, SEQ ID NO:531, SEQ ID 
NO:533, SEQ ID NO:535, SEQ ID NO:536, SEQ ID NO:537, SEQ ID NO:538, SEQ ID 
NO.540, SEQ ID NO:542, SEQ ID NO:543, SEQ ID NO:545, SEQ ID NO:547, SEQ ID 

25 NO:548, SEQ ID NO:549, SEQ ID NO:550, SEQ ID NO:551 , SEQ ID NO:553, SEQ ID 
NO:555, SEQ ID NO:556, SEQ ID NO:557, SEQ ID NO:559, SEQ ID NO:561 , SEQ ID 
NO:562, SEQ ID NO:563, SEQ ID NO:564, SEQ ID NO:566, SEQ ID NO:568, SEQ ID 
NO:570, SEQ ID NO:572, SEQ ID NO:574, SEQ ID NO:576, SEQ ID NO:578, SEQ ID 
NO:580, SEQ ID NO:582, SEQ ID NO:584, SEQ ID NO:586, SEQ ID NO:588, SEQ ID 

30 NO:589, SEQ ID NO:590, SEQ ID NO:591 , SEQ ID NO:592, SEQ ID NO:594, SEQ ID 
NO:604, SEQ ID NO:606, SEQ ID NO:608, SEQ ID NO:610, SEQ IDNO:612, SEQ ID 
NO:614, SEQ ID NO:616, SEQ ID NO.618, SEQ ID NO:620 or SEQ ID NO:622. 
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6. The isolated or recombinant nucleic acid of claim 1 , wherein the 
sequence comparison algorithm is a BLAST version 2.2.2 algorithm where a filtering 
setting is set to blastall -p blastp -d "nr pataa" -F F, and all other options are set to 
default. 

5 

7. The isolated or recombinant nucleic acid of claim 1, wherein the 
amylase activity comprises hydrolyzing glucosidic bonds. 

8. The isolated or recombinant nucleic acid of claim 1 , wherein the 
10 amylase activity comprises a glucoamylase activity. 

9. The isolated or recombinant nucleic acid of claim 8, wherein the 
amylase activity comprises a 1,4-a-D-glucan glucohydralase activity. 

* 

15 10. The isolated or recombinant nucleic acid of claim 1 , wherein the 

amylase activity comprises an a-amylase activity. 

1 1 . The isolated or recombinant nucleic acid of claim 1 , wherein the 
amylase activity comprises an exoamylase activity. 

20 

12. The isolated or recombinant nucleic acid of claim 1, wherein the 
amylase activity comprises a fl-amylase activity. 

13. The isolated or recombinant nucleic acid of claim 7, wherein the 
25 glucosidic bonds comprise an a- 1 ,4-glucosidic bond. 

14. The isolated or recombinant nucleic acid of claim 7, wherein the 
glucosidic bonds comprise an a-l,6-glucosidic bond. 

30 15. The isolated or recombinant nucleic acid of claim 2 1 , wherein the 

amylase activity comprises hydrolyzing glucosidic bonds in a starch. 
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16. The isolated or recombinant nucleic acid of claim 29, wherein the 
amylase activity further comprises hydrolyzing glucosidic bonds in the starch to produce 
maltodextrines. 



5 17. The isolated or recombinant nucleic acid of claim 1 , wherein the 

amylase activity comprises cleaving a maltose or a D-glucose unit from non-reducing end 
of the starch. 

1 8. The isolated or recombinant nucleic acid of claim 1 , wherein the 
10 amylase activity is thermostable. 

1 9. The isolated or recombinant nucleic acid of claim 1 8, wherein the 
polypeptide retains an amylase activity under conditions comprising a temperature range 
of between about 37°C to about 95°C, or between about 55°C to about 85°C, or between 

1 5 about 70°C to about 95°C, or between about 90°C to about 95°C. 

20. The isolated or recombinant nucleic acid of claim 1 , wherein the 
amylase activity is thermotolerant. 

20 21. The isolated or recombinant nucleic acid of claim 20, wherein the 

polypeptide retains an amylase activity after exposure to a temperature in the range from 
greater than 37°C to about 95°C, from greater than 55°C to about 85°C, or from greater 
than 90°C to about 95°C. 



25 22. An isolated or recombinant nucleic acid, wherein the nucleic acid 

comprises a sequence that hybridizes under stringent conditions to a nucleic acid 
comprising SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, 
SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO:21, SEQ 
ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID 

30 NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID 
NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:5 1 , SEQ ID 
NO:53, SEQ IDNO:55, SEQ ID NO:57, SEQ ID NO:59, SEQ IDNO:61, SEQ ID 
NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ ID NO:71 , SEQ ID 
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NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NO:79, SEQ ID N0:81, SEQ ID 
NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID NO:89, SEQ ID N0:91, SEQ ID 
NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID NO:99, SEQ ID NO: 101, SEQ ID 
NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID NO:l 1 1, SEQ ID 
5 NO: 1 1 3, SEQ ID NO: 1 1 5, SEQ ID NO: 1 1 7, SEQ ID NO: 1 1 9, SEQ ID NO: 1 2 1 , SEQ ID 
NO: 1 23, SEQ ID NO: 1 25, SEQ ID NO: 1 27, SEQ ID NO: 1 29, SEQ ID NO: 1 3 1 , SEQ ID 
NO: 133, SEQ ID NO: 135, SEQ ID NO: 137, SEQ ID NO: 139, SEQ ID NO: 141, SEQ ID 
NO:143, SEQ ID NO:145, SEQ ID NO:147, SEQ ID NO:149, SEQ ID NO:151, SEQ ID 
NO: 1 53, SEQ ID NO: 1 55, SEQ ID NO: 1 57, SEQ ID NO: 1 59, SEQ ID NO: 1 61 , SEQ ID 

10 NO: 163, SEQ ID NO: 165, SEQ ID NO: 167, SEQ ID NO: 189, SEQ IDNO:191, SEQ ID 
NO: 193, SEQ ID NO:203, SEQ ID NO:205, SEQ ID NO:207, SEQ ID NO:209, SEQ ID 
NO:21 1, SEQ ID NO:322, SEQ ID NO:324, SEQ ID NO:326, SEQ ID NO:328, SEQ ID 
NO:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID NO:336, SEQ ID NO:338, SEQ ID 
NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID NO:346, SEQ ID NO:348, SEQ ID 

15 NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID NO:356, SEQ ID NO:358, SEQ ID 
NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID NO:366, SEQ ID NO:368, SEQ ID 
NO:370, SEQ ID NO:372, SEQ ID NO:374, SEQ ID NO:376, SEQ ID NO:378, SEQ ID 
NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID NO:386, SEQ ID NO:388, SEQ ID 
NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID NO:396, SEQ ID NO:398, SEQ ID 

20 NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID NO:406, SEQ ID NO:408, SEQ ID 
NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ID NO:416, SEQ ID NO:418, SEQ ID 
NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID NO:426, SEQ ID NO:428, SEQ ID 
NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID NO:436, SEQ ID NO:438, SEQ ID 
NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID NO:446, SEQ ID NO:448, SEQ ID 

25 NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID NO:456, SEQ ID NO:458, SEQ ID 
NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID NO:465, SEQ ID NO:467, SEQ ID 
NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID NO:480, SEQ ID NO:484, SEQ ID 
NO:486, SEQ ID NO:492, SEQ ID NO:494, SEQ ID NO:498, SEQ ID NO:500, SEQ ID 
NO:509, SEQ ID NO:51 1, SEQ ID NO:515, SEQ ID NO:517, SEQ ID NO:517, SEQ ID 

30 NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID NO:527, SEQ ID NO:529, SEQ ID 
NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID NO:541, SEQ ID NO:544, SEQ ID 
NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID NO:558, SEQ ID NO:560, SEQ ID 
NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID NO:571, SEQ ID NO:573, SEQ ID 
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NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID NO:581, SEQ ID NO:583, SEQ ID 
NO:585, SEQ ID NO:587, SEQ ID NO:593, SEQ ID NO:603, SEQ ID NO:605, SEQ ID 
NO:607, SEQ ID NO:609, SEQ ID N0:61 1, SEQ ID NO:613, SEQ ID NO:615, SEQ ID 
NO:617, SEQ ID N0:61 9 or SEQ ID NO:621 , wherein the nucleic acid encodes a 
5 polypeptide having an amylase activity. 

23. The isolated or recombinant nucleic acid of claim 23, wherein the 
nucleic acid is at least about 50, 75, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 

1 000 or more residues in length or the full length of the gene or transcript. 

10 

24. The isolated or recombinant nucleic acid of claim 22, wherein the 
stringent conditions include a wash step comprising a wash in 0.2X SSC at a temperature 
of about 65°C for about 1 5 minutes. 



15 25. A nucleic acid probe for identifying a nucleic acid encoding a 

polypeptide with an amylase activity, wherein the probe comprises at least 1 0 consecutive 
bases of a sequence comprising SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID 
NO:9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, 
SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ 

20 ID NO:3 1 , SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID NO:39, SEQ ID 
NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID 
NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:59, SEQ ID 
NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ ID 
NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NO:79, SEQ ID 

25 NO:81, SEQ IDNO:83, SEQ IDNO:85, SEQ IDNO:87, SEQ IDNO:89, SEQ ID 
NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID NO:99, SEQ ID 
NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, SEQ ID 
NO: 1 1 1 , SEQ ID NO: 1 1 3, SEQ ID NO: 1 1 5, SEQ ID NO: 1 1 7, SEQ ID NO: 1 1 9, SEQ ID 
NO: 1 2 1 , SEQ ID NO: 1 23, SEQ ID NO: 1 25, SEQ ID NO: 1 27, SEQ ID NO: 1 29, SEQ ID 

30 NO: 131, SEQ ID NO: 133, SEQ ID NO: 135, SEQ ID NO: 137, SEQ ID NO: 139, SEQ ID 
NO: 141, SEQ ID NO: 143, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID NO: 149, SEQ ID 
NO: 151, SEQ ID NO: 153, SEQ ID NO: 155, SEQ ID NO: 157, SEQ ID NO: 159, SEQ ID 
NO: 161, SEQ ID NO: 163, SEQ ID NO: 165, SEQ ID NO: 167, SEQ ID NO: 189, SEQ ID 
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NO: 191, SEQ ID NO: 193, SEQ ID NO:203, SEQ ID NO:205, SEQ ID NO:207, SEQ ID 
NO:209, SEQ ID NO:21 1, SEQ ID NO:322, SEQ ID NO:324, SEQ ID NO:326, SEQ ID 
NO:328, SEQ ID NO:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID NO:336, SEQ ID 
NO:338, SEQ ID NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID NO:346, SEQ ID 
5 NO:348, SEQ ID NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID NO:356, SEQ ID 
NO:358, SEQ ID NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID NO:366, SEQ ID 
NO:368, SEQ ID NO:370, SEQ ID NO:372, SEQ ID NO:374, SEQ ID NO:376, SEQ ID 
NO:378, SEQ ID NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID NO:386, SEQ ID 
NO:388, SEQ ID NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID NO:396, SEQ ID 
10 NO:398, SEQ ID NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID NO:406, SEQ ID 
NO:408, SEQ ID NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ID NO:416, SEQ ID 

i 

NO:41 8, SEQ ID NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID NO:426, SEQ ID 
NO:428, SEQ ID NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID NO:436, SEQ ID 
NO:438, SEQ ID NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID NO:446, SEQ ID 

15 NO:448, SEQ ID NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID NO:456, SEQ ID 
NO:458, SEQ ID NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID NO:465, SEQ ID 
NO:467, SEQ ID NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID NO:480, SEQ ID 
NO:484, SEQ ID NO:486, SEQ ID NO:492, SEQ ID NO:494, SEQ ID NO:498, SEQ ID 
NO:500, SEQ ID NO:509, SEQ ID NO:51 1, SEQ ID NO:515, SEQ ID NO:517, SEQ ID 

20 NO:517, SEQ ID NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID NO:527, SEQ ID 
NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID NO:541, SEQ ID 
NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID NO:558, SEQ ID 
NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID NO:571, SEQ ID 
NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID NO:581, SEQ ID 

25 NO:583, SEQ ID NO:585, SEQ ID NO:587, SEQ ID NO:593, SEQ ID NO:603, SEQ ID 
NO:605, SEQ ID NO:607, SEQ ID NO:609, SEQ ID N0:61 1, SEQ ID NO:613, SEQ ID 
NO:61 5, SEQ ID N0:61 7, SEQ ID N0:61 9 or SEQ ID NO:621 , wherein the probe 
identifies the nucleic acid by binding or hybridization. 

30 26. The nucleic acid probe of claim 25, wherein the probe comprises 

an oligonucleotide comprising at least about 10 to 50, about 20 to 60, about 30 to 70, 
about 40 to 80, about 60 to 1 00, or about 50 to 1 50 consecutive bases. 
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27. A nucleic acid probe for identifying a nucleic acid encoding a 
polypeptide having an amylase activity, wherein the probe comprises a nucleic acid 
comprising at least about 10 consecutive residues of SEQ ID NO:l, SEQ ID NO:3, SEQ 
ID NO:5, SEQ ID NO:9, SEQ ID NO:l I, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID 
5 NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ ID 
NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID 
NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID 
NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID 
NO:57, SEQ ID NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID 
10 NO:67, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID 



NO:77, SEQ ID NO:79, SEQ ID NO:81 , SEQ ID NO:83, SEQ ID NO:85, SEQ ID 
NO:87, SEQ ID NO:89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID 
NO:97, SEQ ID NO:99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID 





NO: 107, 


SEQ 


ID NO: 109, 


SEQ 


ID 


NO:lll, 


SEQ 


ID NO: 11 3, 


SEQ 


ID NO: 115, 


SEQ 


ID 


15 


NO: 11 7, 


SEQ 


ID NO: 119, 


SEQ 


ID 


NO:121, 


SEQ 


ID NO: 123, 


SEQ 


ID NO:125, 


SEQ 


ID 




NO: 127, 


SEQ 


ID NO: 129, 


SEQ 


ID 


NO:131, 


SEQ 


ID NO: 133, 


SEQ 


ID NO:135, 


SEQ 


ID 




NO: 137, 


SEQ 


ID NO: 139, 


SEQ 


ID 


NO:141, 


SEQ 


ID NO: 143, 


SEQ 


ID NO: 145, 


SEQ 


ID 




NO: 147, 


SEQ 


ID NO: 149, 


SEQ 


ID 


NO:151, 


SEQ 


ID NO: 153, 


SEQ 


ID NO: 155, 


SEQ 


ID 




NO: 157, 


SEQ 


ID NO: 159, 


SEQ 


ID 


NO:161, 


SEQ 


ID NO: 163, 


SEQ 


ID NO:165, 


SEQ 


ID 


20 


NO: 167, 


SEQ 


ID NO: 189, 


SEQ 


ID 


NO:191, 


SEQ 


ID NO: 193, 


SEQ 


ID NO:203, 


SEQ 


ID 




NO:205, 


SEQ 


ID NO:207, 


SEQ 


ID 


NO:209, 


SEQ 


ID NO:211, 


SEQ 


ID NO:322, 


SEQ 


ID 




NO:324, 


SEQ 


ID NO:326, 


SEQ 


ID 


NO:328, 


SEQ 


ID NO:330, 


SEQ 


ID NO:332, 


SEQ 


ID 




NO:334, 


SEQ 


ID NO:336, 


SEQ 


ID 


NO:338, 


SEQ 


ID NO:340, 


SEQ 


ID NO:342, 


SEQ 


ID 




NO:344, 


SEQ 


ID NO:346, 


SEQ 


ID 


NO:348, 


SEQ 


ID NO:350, 


SEQ 
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SEQ 


ID 


25 


NO:354, 


SEQ 
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SEQ 


ID 
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SEQ 
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NO:388, 
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ID NO:392, 
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NO:444, SEQ ID NO:446, SEQ ID NO:448, SEQ ID NO:450, SEQ ID NO:452, SEQ ID 
NO:454, SEQ ID NO:456, SEQ ID NO:458, SEQ ID NO:460, SEQ ID NO:460, SEQ ID 
NO:462, SEQ ID NO:465, SEQ ID NO:467, SEQ ID NO:473, SEQ ID NO:475, SEQ ID 
NO:478, SEQ ID NO:480, SEQ ID NO:484, SEQ ID NO:486, SEQ ID NO:492, SEQ ID 

5 NO:494, SEQ ID NO:498, SEQ ID NO:500, SEQ ID NO:509, SEQ ID N0:51 1, SEQ ID 
NO:515, SEQ ID NO:517, SEQ ID NO:517, SEQ ID NO:519, SEQ ID NO:522, SEQ ID 
NO:524, SEQ ID NO:527, SEQ ID NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID 
NO:539, SEQ ID NO:541, SEQ ID NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID 
NO:554, SEQ ID NO:558, SEQ ID NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID 

10 NO:569, SEQ ID NO:571, SEQ ID NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ED 
NO:579, SEQ ID NO:581, SEQ ID NO:583, SEQ ID NO:585, SEQ ID NO:587, SEQ ID 
NO:593, SEQ ID NO:603, SEQ ID NO:605, SEQ ID NO:607, SEQ ID NO:609, SEQ ID 
N0:61 1, SEQ ID NO:613, SEQ ID NO:615, SEQ ID NO:617, SEQ ID NO:619 or SEQ 
ID NO:621, wherein the sequence identities are determined by analysis with a sequence 

1 5 comparison algorithm or by visual inspection. 



28. The nucleic acid probe of claim 27, wherein the probe comprises 
an oligonucleotide comprising at least about 10 to 50, about 20 to 60, about 30 to 70, 
about 40 to 80, about 60 to 100, or about 50 to 150 consecutive bases. 

20 

29. An amplification primer sequence pair for amplifying a nucleic 
acid encoding a polypeptide having an amylase activity, wherein the primer pair is 
capable of amplifying a nucleic acid comprising a sequence as set forth in claim 1 or 
claim 22, or a subsequence thereof 

25 

30. The amplification primer pair of claim 29, wherein each member of 
the amplification primer sequence pair comprises an oligonucleotide comprising at least 
about 10 to 50 consecutive bases of the sequence. 



30 3 1 . A method of amplifying a nucleic acid encoding a polypeptide 

having an amylase activity comprising amplification of a template nucleic acid with an 
amplification primer sequence pair capable of amplifying a nucleic acid sequence as set 
forth in claim 1 or claim 22, or a subsequence thereof. 
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32. An expression cassette comprising a nucleic acid comprising a 
sequence as set forth in claim 1 or claim 22. 



5 33. A vector comprising a nucleic acid comprising a sequence as set 

forth in claim 1 or claim 22. 



34. A cloning vehicle comprising a nucleic acid comprising a sequence 
as set forth in claim 1 or claim 22, wherein the cloning vehicle comprises a viral vector, a 
10 plasmid, a phage, a phagemid, a cosmid, a fosmid, a bacteriophage or an artificial 
chromosome. 



35. The cloning vehicle of claim 34, wherein the viral vector comprises 
an adenovirus vector, a retroviral vector or an adeno-associated viral vector. 

15 

36. The cloning vehicle of claim 34, comprising a bacterial artificial 
chromosome (BAC), a plasmid, a bacteriophage PI -derived vector (PAC), a yeast 
artificial chromosome (Y AC), or a mammalian artificial chromosome (MAC). 

20 37. A transformed cell comprising a nucleic acid comprising a 

sequence as set forth in claim 1 or claim 22. 



38. A transformed cell comprising an expression cassette as set forth in 

claim 32. 

25 

39. The transformed cell of claim 37 or claim 38, wherein the cell is a 
bacterial cell, a mammalian cell, a fungal cell, a yeast cell, an insect cell or a plant cell. 

40. A transgenic non-human animal comprising a sequence as set forth 
30 in claim 1 or claim 22. 



is a mouse. 



41. 



The transgenic non-human animal of claim 40, wherein the animal 
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42. A transgenic plant comprising a sequence as set forth in claim 1 or 

claim 22. 

5 43. The transgenic plant of claim 42, wherein the plant is a corn plant, 

a sorghum plant, a potato plant, a tomato plant, a wheat plant, an oilseed plant, a rapeseed 
plant, a soybean plant, a rice plant, a barley plant, a grass, or a tobacco plant. 

44. A transgenic seed comprising a sequence as set forth in claim 1 or 

10 claim 22. 

45. The transgenic seed of claim 44, wherein the seed is a corn seed, a 
wheat kernel, an oilseed, a rapeseed, a soybean seed, a palm kernel, a sunflower seed, a 
sesame seed, a rice, a barley, a peanut or a tobacco plant seed. 

15 

46. An antisense oligonucleotide comprising a nucleic acid sequence 
complementary to or capable of hybridizing under stringent conditions to a sequence as 
set forth in claim 1 or claim 22, or a subsequence thereof. 

20 47. The antisense oligonucleotide of claim 46, wherein the antisense 

oligonucleotide is between about 10 to 50, about 20 to 60, about 30 to 70, about 40 to 80, 
or about 60 to 100 bases in length. 

48. A method of inhibiting the translation of an amylase message in a 
25 cell comprising administering to the cell or expressing in the cell an antisense 

oligonucleotide comprising a nucleic acid sequence complementary to or capable of 
hybridizing under stringent conditions to a sequence as set forth in claim 1 or claim 22. 

49. A double-stranded inhibitory RNA (RNAi) molecule comprising a 
30 subsequence of a sequence as set forth in claim 1 or claim 22. 



r 
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50. The double-stranded inhibitory RNA (RNAi) molecule of claim 49, 
wherein the RNAi is about 1 5, 1 6, 1 7, 1 8, 1 9, 20, 2 1 , 22, 23, 24, 25 or more duplex 
nucleotides in length. 

5 51 . A method of inhibiting the expression of an amylase in a cell 

comprising administering to the cell or expressing in the cell a double-stranded inhibitory 
RNA (iRNA), wherein the RNA comprises a subsequence of a sequence as set forth in 
claim 1 or claim 22. 

10 52. An isolated or recombinant polypeptide (i) having at least 50% 

sequence identity to SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO: 10, SEQ 
ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO:20, SEQ ID 
NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID 
NO:32, SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38, SEQ ID NO:40, SEQ ID 

15 NO:42, SEQ ID NO:44, SEQ ID NO:46, SEQ ID NO:48, SEQ ID NO:50, SEQ ID 
NO:52, SEQ ID NO:54, SEQ ID NO:56, SEQ ID NO:58, SEQ ID NO:60, SEQ ID 
NO:62, SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:68, SEQ ID NO:70, SEQ ID 
NO:72, SEQ ID NO:74, SEQ ID NO:76, SEQ ID NO:78, SEQ ID NO:80, SEQ ID 
NO:82, SEQ ID NO:84, SEQ ID NO:86, SEQ ID NO:88, SEQ ID NO:90, SEQ ID 

20 NO:92, SEQ ID NO:94, SEQ ID NO:96, SEQ ID NO:98, SEQ ID NO:100, SEQ ID 
NO:102, SEQ ID NO:104, SEQ ID NO:106, SEQ ID NO:108, SEQ ID NO:l 10, SEQ ID 
NO: 1 1 2, SEQ ID NO: 1 1 4, SEQ ID NO: 1 1 6, SEQ ID NO: 1 1 8, SEQ ID NO: 1 20, SEQ ID 
NO: 122, SEQ ID NO: 124, SEQ ID NO: 126, SEQ ID NO: 128, SEQ ID NO: 130, SEQ ID 
NO: 132, SEQ ID NO: 134, SEQ ID NO: 136, SEQ ID NO: 138, SEQ ID NO: 140, SEQ ID 

25 NO:142, SEQ ID NO:144, SEQ ID NO:146, SEQ ID NO:148, SEQ ID NO:150, SEQ ID 
NO: 152, SEQ ID NO: 154, SEQ ID NO: 156, SEQ ID NO: 158, SEQ ID NO: 160, SEQ ID 
NO: 1 62, SEQ ID NO: 1 64, SEQ ID NO: 1 66, SEQ ID NO: 1 68, SEQ ID NO: 1 90, SEQ ID 
NO: 192, SEQ ID NO: 194, SEQ ID NO:204, SEQ ID NO:206, SEQ ID NO:208, SEQ ID 
NO:21 0, SEQ ID NO:212, SEQ ID NO:323, SEQ ID NO:325, SEQ ID NO:327, SEQ ID 

30 NO:329, SEQ IDNO:331, SEQ ID NO:333, SEQ ID NO:335, SEQ ID NO:337, SEQ ID 
NO:339, SEQ ID NO:341, SEQ ID NO:343, SEQ ID NO:345, SEQ ID NO:347, SEQ ID 
NO:349, SEQ IDNO:351, SEQ ED NO:353, SEQ ID NO:355, SEQ ID NO:357, SEQ ID 
NO:359, SEQ ID NO:361, SEQ ED NO:363, SEQ ID NO:365, SEQ ID NO:367, SEQ ID 
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NO:369, SEQ ID NO:371, SEQ ID NO:373, SEQ ID NO:375, SEQ ID NO:377, SEQ ID 
NO:379, SEQ ID NO:381, SEQ ID NO:383, SEQ ID NO:385, SEQ ID NO:387, SEQ ID 
NO:389, SEQ ID NO:391, SEQ IDNO:393, SEQ ID NO:395, SEQ ID NO:397, SEQ ID 
NO:399, SEQ ID NO:401, SEQ ID NO:403, SEQ ID NO:405, SEQ ID NO:407, SEQ ID 
5 NO:409, SEQ ID N0:41 1, SEQ ID NO:413, SEQ ID NO:415, SEQ ID NO:417, SEQ ID 
NO:419, SEQ ID NO:42 1 , SEQ ID NO:423, SEQ ID NO:425, SEQ ID NO:427, SEQ ID 
NO:429, SEQ ID NO:431, SEQ ID NO:433, SEQ ID NO:435, SEQ ID NO:437, SEQ ID 
NO:439, SEQ ID NO:441, SEQ ID NO:443, SEQ ID NO:445, SEQ ID NO:447, SEQ ID 
NO:449, SEQ ID NO:451, SEQ ID NO:453, SEQ ID N0.455, SEQ ID NO:457, SEQ ID 

10 NO:459, SEQ ID NO:461, SEQ ID NO:461, SEQ ID NO:463, SEQ ID NO:464, SEQ ID 
NO:466, SEQ ID NO:468, SEQ ID NO:469, SEQ ID NO:470, SEQ ID NO:471, SEQ ID 
NO:472, SEQ ID NO:474, SEQ ID NO:476, SEQ ID NO:477, SEQ ID NO:479, SEQ ID 
NO:481, SEQ ID NO:482, SEQ ID NO:483, SEQ ID NO:485, SEQ ID NO:487, SEQ ID 
NO:488, SEQ ID NO:489, SEQ ID NO:490, SEQ ID NO:491, SEQ ID NO:493, SEQ ID 

15 NO:495, SEQ ID NO:496, SEQ ID NO:497, SEQ ID NO:499, SEQ ID NO:501 , SEQ ID 
NO:502, SEQ ID NO:503, SEQ ID NO:504, SEQ ID NO:505, SEQ ID NO:506, SEQ ID 
NO:507, SEQ ID NO:508, SEQ ID NO:510, SEQ ID NO:512, SEQ ID NO:513, SEQ ID 
NO:514, SEQ ID NO:516, SEQ ID NO:518, SEQ ID NO:518, SEQ ID NO:520, SEQ ID 
NO:521, SEQ ID NO:523, SEQ ID NO:525, SEQ ID NO:526, SEQ ID NO:528, SEQ ID 

20 NO:530, SEQ ID NO:531, SEQ ID NO:533, SEQ ID NO:535, SEQ ID NO:536, SEQ ID 
NO:537, SEQ ID NO:538, SEQ ID NO.540, SEQ ID NO:542, SEQ ID NO:543, SEQ ID 
NO:545, SEQ ID NO:547, SEQ ID NO:548, SEQ ID NO:549, SEQ ID NO:550, SEQ ID 
NO:551, SEQ ID NO:553, SEQ ID NO:555, SEQ ID NO:556, SEQ ID NO:557, SEQ ID 
NO:559, SEQ ID NO:561, SEQ ID NO:562, SEQ ID NO:563, SEQ ID NO:564, SEQ ID 

25 NO:566, SEQ ID NO:568, SEQ ID NO:570, SEQ ID NO:572, SEQ ID NO:574, SEQ ID 
NO:576, SEQ ID NO:578, SEQ ID NO:580, SEQ ID NO:582, SEQ ID NO:584, SEQ ID 
NO:586, SEQ ID NO:588, SEQ ID NO:589, SEQ ID NO:590, SEQ ID NO:591, SEQ ID 
NO:592, SEQ ID NO:594, SEQ ID NO:604, SEQ ID NO:606, SEQ ID NO:608, SEQ ID 
NO:610, SEQ ID NO:612, SEQ ID NO:614, SEQ ID NO:616, SEQ ID NO:618, SEQ ID 

30 NO:620 or SEQ ID NO:622, over a region of at least about 1 00 residues, wherein the 
sequence identities are determined by analysis with a sequence comparison algorithm or 
by a visual inspection, or, (ii) encoded by a nucleic acid having at least 50% sequence 
identity to a sequence as set forth in SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ 
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ID NO:9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID 
NO: 19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ IDNO:27, SEQ ID 
NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID 
NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID 
5 NO:49, SEQ ID NO:5 1 , SEQ ID NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID 
NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID 
NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID 
NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID 
NO: 89, SEQ ID NO:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID 
10 NO:99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID 
NO: 1 09, SEQ ID NO: 1 1 1 , SEQ ID NO: 1 1 3, SEQ ID NO: 1 1 5, SEQ ID NO: 1 1 7, SEQ ID 
NO:l 19, SEQ ID NO: 121, SEQ ID NO: 123, SEQ ID NO: 125, SEQ ID NO: 127, SEQ ID 
NO: 1 29, SEQ ID NO: 1 3 1 , SEQ ID NO: 1 33, SEQ ID NO: 135, SEQ ID NO: 1 37, SEQ ID 
NO: 139, SEQ ID NO: 141, SEQ ID NO: 143, SEQ ID NO: 145, SEQ ID NO: 147, SEQ ID 

15 NO: 149, SEQ ID NO:151, SEQ ID NO: 153, SEQ ID NO: 155, SEQ ID NO: 157, SEQ ID 
NO: 159, SEQ ID NO: 161, SEQ ID NO: 163, SEQ ID NO: 165, SEQ ID NO: 167, SEQ ID 
NO:189, SEQ ID NO:191, SEQ ID NO:193, SEQ ID NO:203, SEQ ID NO:205, SEQ ID 
NO:207, SEQ ID NO:209, SEQ ID NO:21 1, SEQ ID NO:322, SEQ ID NO:324, SEQ ID 
NO:326, SEQ ID NO:328, SEQ ID NO:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID 

20 N0.336, SEQ ID NO:338, SEQ ID NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID 
NO:346, SEQ ID NO:348, SEQ ID NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID 
NO:356, SEQ ID NO:358, SEQ ID NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID 
NO:366, SEQ ID NO:368, SEQ ID NO:370, SEQ ID NO:372, SEQ ID NO:374, SEQ ID 
NO:376, SEQ ID NO:378, SEQ ID NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID 

25 NO:386, SEQ ID NO:388, SEQ ID NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID 
N0.396, SEQ ID NO:398, SEQ ID NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID 
NO:406, SEQ ID NO:408, SEQ ID NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ED 
NO:416, SEQ ID NO:418, SEQ ID NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID 
NO.-426, SEQ ID NO:428, SEQ ID NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID 

30 NO:436, SEQ ID NO:438, SEQ ID NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID 
NO:446, SEQ ID NO:448, SEQ ID NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID 
NO:456, SEQ ID NO:458, SEQ ID NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID 
NO:465, SEQ ID NO:467, SEQ ID NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID 
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NO:480, SEQ ID NO:484, SEQ ID NO:486, SEQ ID NO:492, SEQ ID N0.494, SEQ ID 
NO:498, SEQ ID NO: 500, SEQ ID NO:509, SEQ ID N0:51 1, SEQ ID NO:515, SEQ ID 
NO:517, SEQ ID NO:51 7, SEQ ID NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID 
NO:527, SEQ ID NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID 
5 NO:541, SEQ ID NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID 
NO:558, SEQ ID NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID 
NO:571, SEQ ID NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID 
NO:581, SEQ ID NO:583, SEQ ID NO:585, SEQ ID NO:587, SEQ ID NO:593, SEQ ID 
NO:603, SEQ ID NO:605, SEQ ID NO:607, SEQ ID NO:609, SEQ ID N0:61 1, SEQ ID 

10 NO:613, SEQ ID NO:615, SEQ ID NO:617, SEQ ID NO:619 or SEQ ID NO:621, over a 
region of at least about 100 residues, and the sequence identities are determined by 
analysis with a sequence comparison algorithm or by a visual inspection, or encoded by a 
nucleic acid capable of hybridizing under stringent conditions to a sequence as set forth in 
SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID 

15 NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO:21, SEQ ID 
NO:23, SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID 
NO:33, SEQ ID NO:35, SEQ ID NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID 
NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID 
NO:53, SEQ ID NO:55, SEQ ID NO:57, SEQ ID NO:59, SEQ ID NO:61, SEQ ID 

20 NO:63, SEQ ID NO:65, SEQ ID NO:67, SEQ ID NO:69, SEQ ID NO:71, SEQ ID 
NO:73, SEQ ID NO:75, SEQ ID NO:77, SEQ ID NO:79, SEQ ID NO:81, SEQ ID 
NO:83, SEQ ID NO:85, SEQ ID NO:87, SEQ ID NO:89, SEQ ID NO:91, SEQ ID 
NO:93, SEQ ID NO:95, SEQ ID NO:97, SEQ ID NO:99, SEQ ID NO:101, SEQ ID 
NO: 1 03, SEQ ID NO: 1 05, SEQ ID NO: 1 07, SEQ ID NO: 1 09, SEQ ID NO: 1 1 1 , SEQ ID 

25 NO: 1 1 3, SEQ ID NO: 1 1 5, SEQ ID NO: 1 1 7, SEQ ID NO: 1 1 9, SEQ ID NO: 1 2 1 , SEQ ID 
NO: 1 23, SEQ ID NO: 1 25, SEQ ID NO: 1 27, SEQ ID NO: 1 29, SEQ ID NO: 1 3 1 , SEQ ID 
NO: 1 33, SEQ ID NO: 1 35, SEQ ID NO: 1 37, SEQ ID NO: 1 39, SEQ ID NO: 1 41 , SEQ ID 
NO:143, SEQ ID NO:145, SEQ ID NO:147, SEQ ID NO:149, SEQ ID NO:151, SEQ ID 
NO: 1 53, SEQ ID NO: 1 55, SEQ ID NO: 1 57, SEQ ID NO: 1 59, SEQ ID NO: 1 6 1 , SEQ ID 

30 NO: 163, SEQ ID NO: 165, SEQ ID NO: 167, SEQ ID NO: 189, SEQ ID NO: 191, SEQ ID 
NO: 193, SEQ ID NO:203, SEQ ID NO:205, SEQ ID NO:207, SEQ ID NO:209, SEQ ID 
NO:21 1, SEQ ID NO:322, SEQ ID NO:324, SEQ ID NO:326, SEQ ID NO:328, SEQ ID 
NO:330, SEQ ID NO:332, SEQ ID NO:334, SEQ ID NO:336, SEQ ID NO:338, SEQ ID 
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NO:340, SEQ ID NO:342, SEQ ID NO:344, SEQ ID NO:346, SEQ ID NO:348, SEQ ID 
NO:350, SEQ ID NO:352, SEQ ID NO:354, SEQ ID NO:356, SEQ ID NO:358, SEQ ID 
NO:360, SEQ ID NO:362, SEQ ID NO:364, SEQ ID NO:366, SEQ ID NO:368, SEQ ID 
NO.370, SEQ ID NO:372, SEQ ID NO:374, SEQ ID NO:376, SEQ ID NO:378, SEQ ID 
5 NO:380, SEQ ID NO:382, SEQ ID NO:384, SEQ ID NO:386, SEQ ID NO:388, SEQ ID 
NO:390, SEQ ID NO:392, SEQ ID NO:394, SEQ ID NO:396, SEQ ID NO:398, SEQ ID 
NO:400, SEQ ID NO:402, SEQ ID NO:404, SEQ ID NO:406, SEQ ID NO:408, SEQ ID 
NO:410, SEQ ID NO:412, SEQ ID NO:414, SEQ ID NO:416, SEQ ID NO:418, SEQ ID 
NO:420, SEQ ID NO:422, SEQ ID NO:424, SEQ ID NO:426, SEQ ID NO:428, SEQ ID 

10 NO:430, SEQ ID NO:432, SEQ ID NO:434, SEQ ID NO:436, SEQ ID NO:438, SEQ ID 
NO:440, SEQ ID NO:442, SEQ ID NO:444, SEQ ID NO:446, SEQ ID NO:448, SEQ ID 
NO:450, SEQ ID NO:452, SEQ ID NO:454, SEQ ID NO:456, SEQ ID NO:458, SEQ ID 
NO:460, SEQ ID NO:460, SEQ ID NO:462, SEQ ID NO:465, SEQ ID NO:467, SEQ ID 
NO:473, SEQ ID NO:475, SEQ ID NO:478, SEQ ID NO:480, SEQ ID NO:484, SEQ ID 

15 NO:486, SEQ ID NO:492, SEQ ID NO:494, SEQ ID NO:498, SEQ ID NO:500, SEQ ID 
NO:509, SEQ ID N0:5 1 1 , SEQ ID NO:5 1 5, SEQ ID NO:5 1 7, SEQ ID N0:5 1 7, SEQ ID 
NO:519, SEQ ID NO:522, SEQ ID NO:524, SEQ ID NO.527, SEQ ID NO:529, SEQ ID 
NO:532, SEQ ID NO:534, SEQ ID NO:539, SEQ ID NO:541 , SEQ ID NO:544, SEQ ED 
NO:546, SEQ ID NO:552, SEQ ID NO:554, SEQ ID NO:558, SEQ ID NO:560, SEQ ID 

20 NO:565, SEQ ID NO:567, SEQ ID NO:569, SEQ ID NO:571, SEQ ID NO:573, SEQ ID 
NO:575, SEQ ID NO:577, SEQ ID NO:579, SEQ ID NO:581, SEQ ID NO:583, SEQ ID 
NO:585, SEQ ID NO:587, SEQ ID NO:593, SEQ ID NO:603, SEQ ID NO:605, SEQ ID 
NO:607, SEQ ID NO:609, SEQ ID N0:61 1, SEQ ID NO:613, SEQ ID NO:615, SEQ ID 
NO:617, SEQIDNO:619or SEQ ID NO:621. 

25 

53. The isolated or recombinant polypeptide of claim 52, wherein the 
sequence identity is over a region of at least about at least about 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
30 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% 
sequence identity. 
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54. The isolated or recombinant polypeptide of claim 52, wherein the 
sequence identity is over a region of at least about 10, 1 5, 20, 25, 30, 35, 40, 45, 50, 75, 
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 
1000, 1050 or more residues, or the full length of an enzyme. 

5 

55. The isolated or recombinant polypeptide of claim 52, wherein the 
polypeptide has a sequence as set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ 
ID NO:20, SEQ ID NO:22, SEQ ID NO:24, SEQ ID NO:26, SEQ ID NO:28, SEQ ID 

10 NO:30, SEQ ID NO:32, SEQ ID NO:34, SEQ ID NO:36, SEQ ID NO:38, SEQ ID 
NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID NO:46, SEQ ID NO:48, SEQ ID 
NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID NO:56, SEQ ED NO:58, SEQ ID 
NO:60, SEQ ID NO:62, SEQ ID NO:64, SEQ ID NO:66, SEQ ID NO:68, SEQ ID 
NO:70, SEQ ID NO:72, SEQ ID NO:74, SEQ ID NO:76, SEQ ID NO:78, SEQ ID 

15 NO:80, SEQ ID NO:82, SEQ ID NO:84, SEQ ID NO:86, SEQ ID NO:88, SEQ ID 
NO:90, SEQ ID NO:92, SEQ ID NO:94, SEQ ID NO:96, SEQ ID NO:98, SEQ ID 
NO: 100, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, SEQ ID 
NO:l 10, SEQ ID NO: 1 12, SEQ ID NO: 114, SEQ ID NO:l 16, SEQ ID NO:l 18, SEQ ID 
NO: 120, SEQ ID NO: 122, SEQ ID NO: 124, SEQ ID NO: 126, SEQ ID NO: 128, SEQ ID 

20 NO: 130, SEQ ID NO: 132, SEQ ID NO: 134, SEQ ID NO: 136, SEQ ID NO: 138, SEQ ID 
NO:140, SEQ ID NO:142, SEQ ID NO:144, SEQ ID NO:146, SEQ ID NO:148, SEQ ID 
NO: 150, SEQ ID NO: 152, SEQ ID NO: 154, SEQ ID NO: 156, SEQ ID NO: 158, SEQ ID 
NO: 160, SEQ ID NO: 162, SEQ ID NO: 164, SEQ ID NO: 166, SEQ ID NO: 168, SEQ ID 
NO: 190, SEQ ID NO: 192, SEQ ID NO: 194, SEQ ID NO:204, SEQ ID NO:206, SEQ ID 

25 NO:208, SEQ ID NO:210, SEQ ID NO:212, SEQ ID NO:323, SEQ ID NO:325, SEQ ID 
NO:327, SEQ ID NO:329, SEQ ID NO:331, SEQ ID NO:333, SEQ ID NO:335, SEQ ID 
NO:337, SEQ ID NO:339, SEQ ID NO:34l, SEQ ID NO:343, SEQ ID NO:345, SEQ ID 
NO:347, SEQ ID NO:349, SEQ ID NO:351, SEQ ID NO:353, SEQ ID NO:355, SEQ ID 
NO:357, SEQ ID NO:359, SEQ ID NO:361, SEQ ID NO:363, SEQ ID NO:365, SEQ ID 

30 NO:367, SEQ ID NO:369, SEQ ID NO:371, SEQ ID NO:373, SEQ ID NO:375, SEQ ID 
NO:377, SEQ ID NO:379, SEQ ID NO:381, SEQ ID NO:383, SEQ ID NO:385, SEQ ID 
NO:387, SEQ ID NO:389, SEQ ID NO:391, SEQ ID NO:393, SEQ ID NO:395, SEQ ID 
NO:397, SEQ ID NO:399, SEQ ID NO:401, SEQ ID NO:403, SEQ ID NO:405, SEQ ID 
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NO:407, SEQ ID NO:409, SEQ ID N0:411, SEQ ID NO:413, SEQ ID NO:415, SEQ ID 
NO:417, SEQ ID NO:419, SEQ ID NO:421, SEQ ID NO:423, SEQ ID NO:425, SEQ ID 
NO:427, SEQ ID NO:429, SEQ ID NO:431 , SEQ ID NO:433, SEQ ID NO:435, SEQ ID 
NO:437, SEQ ID NO:439, SEQ ID NO:441, SEQ ID NO:443, SEQ ID NO:445, SEQ ID 

t 

5 NO:447, SEQ ID NO:449, SEQ ID NO:45 1 , SEQ ID NO:453, SEQ ID NO:455, SEQ ID 
NO:457, SEQ ID NO:459, SEQ ID NO:461, SEQ ID NO:461, SEQ ID NO:463, SEQ ID 
NO:464, SEQ ID NO:466, SEQ ID NO:468, SEQ ID NO:469, SEQ ID NO:470, SEQ ID 
NO:471, SEQ ID NO:472, SEQ ID NO:474, SEQ ID NO:476, SEQ ID NO:477, SEQ ID 
NO:479, SEQ ID NO:48 1 , SEQ ID NO:482, SEQ ID NO:483, SEQ ID NO:485, SEQ ID 

10 NO:487, SEQ ID NO:488, SEQ ID NO:489, SEQ ID NO:490, SEQ ID NO:491, SEQ ID ■ 
NO:493, SEQ ID NO:495, SEQ ID NO:496, SEQ ID NO:497, SEQ ID NO:499, SEQ ID 
NO:501, SEQ ID NO:502, SEQ ID NO:503, SEQ ID NO:504, SEQ IDNO:505, SEQ ID 
NO:506, SEQ ID NO:507, SEQ ID NO:508, SEQ ID NO:510, SEQ ID NO:512, SEQ ID 
NO:513, SEQ ID NO:514, SEQ ID NO:516, SEQ ID NO:518, SEQ IDNO:518, SEQ ID 

15 NO:520, SEQ ID NO:521, SEQ ID NO:523, SEQ ID NO:525, SEQ ID NO:526, SEQ ID 
NO:528, SEQ ID NO:530, SEQ ID NO:531, SEQ ID NO:533, SEQ ID NO:535, SEQ ID 
NO:536, SEQ ID NO:537, SEQ ID NO:538, SEQ ID NO:540, SEQ ID NO:542, SEQ ID 
NO:543, SEQ ID NO:545, SEQ ID NO:547, SEQ ID NO:548, SEQ ID NO:549, SEQ ID 
NO:550, SEQ ID NO:55 1, SEQ ID NO:553, SEQ ID NO:555, SEQ ID NO:556, SEQ ID 

20 NO:557, SEQ ID NO:559, SEQ ID NO:561, SEQ ID NO:562, SEQ ID NO:563, SEQ ID 
NO:564, SEQ ID NO:566, SEQ ID NO:568, SEQ ID NO:570, SEQ ID NO:572, SEQ ID 
NO:574, SEQ ID NO:576, SEQ ID NO:578, SEQ ID NO:580, SEQ ID NO:582, SEQ ID 
NO:584, SEQ ID NO:586, SEQ ID NO:588, SEQ ID NO:589, SEQ ID NO:590, SEQ ID 
NO:591, SEQ ID NO:592, SEQ ID NO:594, SEQ ID NO:604, SEQ ID NO:606, SEQ ID 

25 NO:608, SEQ ID NO:610, SEQ ID NO:612, SEQ ID NO:614, SEQ 1DN0:616, SEQ ID 
N0:61 8, SEQ ID NO:620 or SEQ ID NO:622. 

56. The isolated or recombinant polypeptide of claim 52, wherein the 
polypeptide has an amylase activity. 

30 

57. The isolated or recombinant polypeptide of claim 56, wherein the 
amylase activity comprises hydrolyzing glucosidic bonds. 
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58. The isolated or recombinant polypeptide of claim 56, wherein the 
amylase activity comprises a glucoamylase activity. 

59. The isolated or recombinant polypeptide of claim 56, wherein the 
5 amylase activity comprises a 1 ,4-a-D-gIucan glucohydralase activity. 

» 

60. The isolated or recombinant polypeptide of claim 56, wherein the 
amylase activity comprises an a -amylase activity. 

10 61 . The isolated or recombinant polypeptide of claim 56, wherein the 

amylase activity comprises an exoamylase activity. 

62. The isolated or recombinant polypeptide of claim 56, wherein the 
amylase activity comprises a fl-amylase activity. 

63. The isolated or recombinant polypeptide of claim 57, wherein the 
glucosidic bonds comprise an a -1,4- glucosidic bond. 

64. The isolated or recombinant polypeptide of claim 57, wherein the 
20 glucosidic bonds comprise an a-1 ,6-glucosidic bond. 

65. The isolated or recombinant polypeptide of claim 56, wherein the 
amylase activity comprises hydrolyzing glucosidic bonds in a starch. 

25 66. The isolated or recombinant polypeptide of claim 56, wherein the 

amylase activity further comprises hydrolyzing glucosidic bonds in the starch to produce 
maltodextrines. 

67. The isolated or recombinant polypeptide of claim 56, wherein the 
30 amylase activity comprises cleaving a maltose or a D-glucose unit from non-reducing end 
of the starch. 
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68. The isolated or recombinant polypeptide of claim 56, wherein the 
amylase activity is thermostable. 

♦ 

69. The isolated or recombinant polypeptide of claim 68, wherein the 
5 polypeptide retains an amylase activity under conditions comprising a temperature range 

of between about 37°C to about 95°C, between about 55°C to about 85°C, between about 
70°C to about 95°C, or between about 90°C to about 95°C. 

70. The isolated or recombinant polypeptide of claim 56, wherein the 
10 amylase activity is thermotolerant. 

7 1 . The isolated or recombinant polypeptide of claim 70, wherein the 
polypeptide retains an amylase activity after exposure to a temperature in the range from 
greater than 37°C to about 95°C, from greater than 55°C to about 85°C, or from greater 

15 than 90°C to about 95°C. 

72. An isolated or recombinant polypeptide comprising a polypeptide 
as set forth in claim 52 and lacking a signal sequence. 

20 73. An isolated or recombinant polypeptide comprising a polypeptide 

as set forth in claim 52 and having a heterologous signal sequence. 

74. The isolated or recombinant polypeptide of claim 56, wherein the 

* 

amylase activity comprises a specific activity at about 37°C in the range from about 100 
25 to about 1 000 units per milligram of protein, from about 500 to about 750 units per 
milligram of protein, from about 500 to about 1200 units per milligram of protein, or 
from about 750 to about 1000 units per milligram of protein. 

75. The isolated or recombinant polypeptide of claim 70, wherein the 
30 thermotolerance comprises retention of at least half of the specific activity of the amylase 

at 37°C after being heated to an elevated temperature. 
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76. The isolated or recombinant polypeptide of claim 70, wherein the 
thermotolerance comprises retention of specific activity at 37°C in the range from about 
500 to about 1200 units per milligram of protein after being heated to an elevated 
temperature. 



77. The isolated or recombinant polypeptide of claim 52, wherein the 
polypeptide comprises at least one glycosylation site. 



78. The isolated or recombinant polypeptide of claim 77, wherein the 
10 glycosylation is an N-linked glycosylation. 



79. The isolated or recombinant polypeptide of claim 78, wherein the 
polypeptide is glycosylated after being expressed in a P. pastoris or a S. pombe. 



15 80. The isolated or recombinant polypeptide of claim 56, wherein the 

polypeptide retains an amylase activity under conditions comprising about pH 6.5, pH 
6.0, pH 5.5, 5.0, pH 4.5 or 4.0. 



81 . The isolated or recombinant polypeptide of claim 56, wherein the 
20 polypeptide retains an amylase activity under conditions comprising about pH 8.0, pH 
8.5, pH 9, pH 9.5, pH 10 or pH 10.5. 



82. A protein preparation comprising a polypeptide as set forth in 
claim 52, wherein the protein preparation comprises a liquid, a solid or a gel. 

25 

83. A heterodimer comprising a polypeptide as set forth in claim 52 
and a second domain. 



84. The heterodimer of claim 83, wherein the second domain is a 
30 polypeptide and the heterodimer is a fusion protein. 



85. The heterodimer of claim 84, wherein the second domain is an 
epitope or a tag. 
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86. A homodimer comprising a polypeptide as set forth in claim 52. 

87. An immobilized polypeptide, wherein the polypeptide comprises a 
5 sequence as set forth in claim 52, or a subsequence thereof. 



88. The immobilized polypeptide of claim 87, wherein the polypeptide 
is immobilized on a cell, a metal, a resin, a polymer, a ceramic, a glass, a microelectrode, 
a graphitic particle, a bead, a gel, a plate, an array or a capillary tube. 

10 

89. An array comprising an immobilized polypeptide as set forth in 

claim 52. 



90. An array comprising an immobilized nucleic acid as set forth in 
15 claim 1 or claim 22. 



91. An isolated or recombinant antibody that specifically binds to a 
polypeptide as set forth in claim 52. 



20 92. The isolated or recombinant antibody of claim 91 , wherein the 

antibody is a monoclonal or a polyclonal antibody. 



93. A hybridoma comprising an antibody that specifically binds to a 
polypeptide as set forth in claim 52. 

25 

94. A food supplement for an animal comprising a polypeptide as set 
forth in claim 52, or a subsequence thereof. 



95. The food supplement of claim 94, wherein the polypeptide is 

30 glycosylated. 



96. An edible enzyme delivery matrix comprising a polypeptide as set 
forth in claim 52. 
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97. The edible enzyme delivery matrix of claim 96, wherein the 
delivery matrix comprises a pellet. 



5 98. The edible enzyme delivery matrix of claim 97, wherein the 

polypeptide is glycosylated. 



99. The edible enzyme delivery matrix of claim 97, wherein the 
polypeptide has a thermotolerant or a thermostable amylase activity. 

10 

1 00. A method of isolating or identifying a polypeptide with an amylase 
activity comprising the steps of: 

(a) providing an antibody as set forth in claim 9 1 ; 

(b) providing a sample comprising polypeptides; and 

15 (c) contacting the sample of step (b) with the antibody of step (a) under 

conditions wherein the antibody can specifically bind to the polypeptide, thereby isolating 
or identifying a polypeptide having an amylase activity. 



101. A method of making an anti-amylase antibody comprising 
20 administering tp a non-human animal a nucleic acid as set forth in claim 1 or claim 22 or 
a subsequence thereof in an amount sufficient to generate a humoral immune response, 
thereby making an anti-amylase antibody. 



1 02. A method of making an anti-amylase antibody comprising 
25 administering to a non-human animal a polypeptide as set forth in claim 52 or a 
subsequence thereof in an amount sufficient to generate a humoral immune response, 
thereby making an anti-amylase antibody. 



1 03. A method of producing a recombinant polypeptide comprising the 
30 steps of: (a) providing a nucleic acid operably linked to a promoter, wherein the nucleic 
acid comprises a sequence as set forth in claim 1 or claim 22; and (b) expressing the 
nucleic acid of step (a) under conditions that allow expression of the polypeptide, thereby 
producing a recombinant polypeptide. 



247 



WO 2004/091544 



PCT/US2004/007096 



104. The method of claim 1 03, further comprising transforming a host 
cell with the nucleic acid of step (a) followed by expressing the nucleic acid of step (a), 
thereby producing a recombinant polypeptide in a transformed cell. 

5 

105. A method for identifying a polypeptide having an amylase activity 
comprising the following steps: 

(a) providing a polypeptide as set forth in claim 56; 

(b) providing an amylase substrate; and 

10 (c) contacting the polypeptide with the substrate of step (b) and detecting a 

decrease in the amount of substrate or an increase in the amount of a reaction product, 
wherein a decrease in the amount of the substrate or an increase in the amount of the 
reaction product detects a polypeptide having an amylase activity. 

15 1 06. The method of claim 1 05 wherein the substrate is a starch. 



107. A method for identifying an amylase substrate comprising the 
following steps: 

(a) providing a polypeptide as set forth in claim 56; 
20 (b) providing a test substrate; and 

(c) contacting the polypeptide of step (a) with the test substrate of step (b) 
and detecting a decrease in the amount of substrate or an increase in the amount of 
reaction product, wherein a decrease in the amount of the substrate or an increase in the 
amount of a reaction product identifies the test substrate as an amylase substrate. 

25 

1 08. A method of determining whether a test compound specifically 
binds to a polypeptide comprising the following steps: 

(a) expressing a nucleic acid or a vector comprising the nucleic acid under 
conditions permissive for translation of the nucleic acid to a polypeptide, wherein the 

30 nucleic acid has a sequence as set forth in claim 1 or claim 22; 

(b) providing a test compound; 

(c) contacting the polypeptide with the test compound; and 
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(d) determining whether the test compound of step (b) specifically binds to 
the polypeptide. 

109. A method of determining whether a test compound specifically 
5 binds to a polypeptide comprising the following steps: 

(a) providing a polypeptide having a sequence as set forth in claim 52; 

(b) providing a test compound; 

(c) contacting the polypeptide with the test compound; and 

(d) determining whether the test compound of step (b) specifically binds to 
10 the polypeptide. 



110. A method for identifying a modulator of an amylase activity 
comprising the following steps: 

(a) providing a polypeptide as set forth in claim 56; 
1 5 (b) providing a test compound; 

(c) contacting the polypeptide of step (a) with the test compound of step 
(b) and measuring an activity of the amylase, wherein a change in the amylase activity 
measured in the presence of the test compound compared to the activity in the absence of 
the test compound provides a determination that the test compound modulates the 
20 amylase activity. 



111. The method of claim 1 1 0, wherein the amylase activity is measured 
by providing an amylase substrate and detecting a decrease in the amount of the substrate 
or an increase in the amount of a reaction product, or, an increase in the amount of the 

25 substrate or a decrease in the amount of a reaction product. 

1 1 2. The method of claim 111, wherein a decrease in the amount of the 
substrate or an increase in the amount of the reaction product with the test compound as 
compared to the amount of substrate or reaction product without the test compound 

30 identifies the test compound as an activator of amylase activity. 

113. The method of claim 111, wherein an increase in the amount of the 
substrate or a decrease in the amount of the reaction product with the test compound as 
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compared to the amount of substrate or reaction product without the test compound 
identifies the test compound as an inhibitor of amylase activity. 

114. A computer system comprising a processor and a data storage 
5 device wherein said data storage device has stored thereon a polypeptide sequence or a 
nucleic acid sequence, wherein the polypeptide sequence comprises sequence as set forth 
in claim 52, a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 



115. The computer system of claim 1 14, further comprising a sequence 
10 comparison algorithm and a data storage device having at least one reference sequence 
stored thereon. 



15 



116. The computer system of claim 1 1 5, wherein the sequence 
comparison algorithm comprises a computer program that indicates polymorphisms. 



117. The computer system of claim 1 14, further comprising an identifier 
that identifies one or more features in said sequence. 



118. A computer readable medium having stored thereon a polypeptide 
20 sequence or a nucleic acid sequence, wherein the polypeptide sequence comprises a 
polypeptide as set forth in claim 52; a polypeptide encoded by a nucleic acid as set forth 
in claim 1 or claim 22. 



119. A method for identifying a feature in a sequence comprising the 
25 steps of: (a) reading the sequence using a computer program which identifies one or 

more features in a sequence, wherein the sequence comprises a polypeptide sequence or a 
nucleic acid sequence, wherein the polypeptide sequence comprises a polypeptide as set 
forth in claim 52; a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 
22; and (b) identifying one or more features in the sequence with the computer program. 

30 

120. A method for comparing a first sequence to a second sequence 
comprising the steps of: (a) reading the first sequence and the second sequence through 
use of a computer program which compares sequences, wherein the first sequence 
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comprises a polypeptide sequence or a nucleic acid sequence, wherein the polypeptide 
sequence comprises a polypeptide as set forth in claim 52 or a polypeptide encoded by a 
nucleic acid as set forth in claim 1 or claim 22; and (b) determining differences between 
the first sequence and the second sequence with the computer program. 

5 

121. The method of claim 1 20, wherein the step of determining 
differences between the first sequence and the second sequence further comprises the step 
of identifying polymorphisms. 

10 122. The method of claim 1 20, further comprising an identifier that 

identifies one or more features in a sequence. 

123. The method of claim 122, comprising reading the first sequence 
using a computer program and identifying one or more features in the sequence. 

15 

124. A method for isolating or recovering a nucleic acid encoding a 
polypeptide with an amylase activity from an environmental sample comprising the steps 
of: 

(a) providing an amplification primer sequence pair as set forth in claim 

20 29; 

(b) isolating a nucleic acid from the environmental sample or treating the 
environmental sample such that nucleic acid in the sample is accessible for hybridization 
to the amplification primer pair; and, 

(c) combining the nucleic acid of step (b) with the amplification primer 
25 pair of step (a) and amplifying nucleic acid from the environmental sample, thereby 

isolating or recovering a nucleic acid encoding a polypeptide with an amylase activity 
from an environmental sample. 

125. The method of claim 124, wherein each member of the 

30 amplification primer sequence pair comprises an oligonucleotide comprising at least 
about 1 0 to 50 consecutive bases of a sequence as set forth in SEQ ID NO: 1 , SEQ ID 
NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 15, 
SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ 
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ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID 
NO:37, SEQ ID NO:39, SEQ ID N0:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID 
NO:47, SEQ ID NO:49, SEQ ID N0:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID 
NO:57, SEQ ID NO:59, SEQ ID N0:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID 
5 NO:67, SEQ ID NO:69, SEQ ID N0:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID 
NO:77, SEQ ID NO:79, SEQ ID N0:8 1 , SEQ ID NO:83, SEQ ID NO:85, SEQ ID 
NO:87, SEQ ID NO:89, SEQ ID N0:91, SEQ ID NO:93, SEQ ID NO:95, SEQ ID 
NO:97, SEQ ID NO:99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID 
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NO:515, SEQ ID NO:517, SEQ ID NO:517, SEQ ID NO:519, SEQ ID NO:522, SEQ ID 
NO:524, SEQ ID NO:527, SEQ ID NO:529, SEQ ID NO:532, SEQ ID NO:534, SEQ ID 
NO:539, SEQ ID NO:541, SEQ ID NO:544, SEQ ID NO:546, SEQ ID NO:552, SEQ ID 
NO:554, SEQ ID NO:558, SEQ ID NO:560, SEQ ID NO:565, SEQ ID NO:567, SEQ ID 
5 NO:569, SEQ ID NO:571, SEQ ID NO:573, SEQ ID NO:575, SEQ ID NO:577, SEQ ID 
NO:579, SEQ ID NO:581, SEQ ID NO:583, SEQ ID NO:585, SEQ ID NO:587, SEQ ID 
NO:593, SEQ ID NO:603, SEQ ID NO:605, SEQ ID NO:607, SEQ ID NO:609, SEQ ID 
NO:61 1, SEQ ID NO:613, SEQ ID NO:615, SEQ ID N0:617, SEQ ID NO:619 or SEQ 
ID NO:621, or a subsequence thereof. 

10 

1 26. A method for isolating or recovering a nucleic acid encoding a 
polypeptide with an amylase activity from an environmental sample comprising the steps 

of: 

(a) providing a polynucleotide probe comprising a sequence as set forth in 
15 claim 1 or claim 22, or a subsequence thereof; 

(b) isolating a nucleic acid from the environmental sample or treating the 
environmental sample such that nucleic acid in the sample is accessible for hybridization 
to a polynucleotide probe of step (a); 

(c) combining the isolated nucleic acid or the treated environmental 
20 sample of step (b) with the polynucleotide probe of step (a); and 

(d) isolating a nucleic acid that specifically hybridizes with the 
polynucleotide probe of step (a), thereby isolating or recovering a nucleic acid encoding a 
polypeptide with an amylase activity from an environmental sample. 



25 127. The method of claim 1 24 or claim 1 26, wherein the environmental 

sample comprises a water sample, a liquid sample, a soil sample, an air sample or a 
biological sample. 



128. The method of claim 127, wherein the biological sample is derived 
30 from a bacterial cell, a protozoan cell, an insect cell, a yeast cell, a plant cell, a fungal cell 
or a mammalian cell. 
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129. A method of generating a variant of a nucleic acid encoding a 
polypeptide with an amylase activity comprising the steps of: 

(a) providing a template nucleic acid comprising a sequence as set forth in 
claim 1 or claim 22; and 
5 (b) modifying, deleting or adding one or more nucleotides in the template 

sequence, or a combination thereof, to generate a variant of the template nucleic acid. 

130. The method of claim 1 29, further comprising expressing the variant 
nucleic acid to generate a variant amylase polypeptide. 

10 

131. The method of claim 1 29, wherein the modifications, additions or 
deletions are introduced by a method comprising error-prone PCR, shuffling, 
oligonucleotide-directed mutagenesis, assembly PCR, sexual PCR mutagenesis, in vivo 
mutagenesis, cassette mutagenesis, recursive ensemble mutagenesis, exponential 

15 ensemble mutagenesis, site-specific mutagenesis, gene reassembly, gene site saturated 
mutagenesis (GSSM), synthetic ligation reassembly (SLR) and a combination thereof. 

132. The method of claim 129, wherein the modifications, additions or 
deletions are introduced by a method comprising recombination, recursive sequence 

20 recombination, phosphothioate-modified DNA mutagenesis, uracil-containing template 
mutagenesis, gapped duplex mutagenesis, point mismatch repair mutagenesis, repair- 
deficient host strain mutagenesis, chemical mutagenesis, radiogenic mutagenesis, deletion 
mutagenesis, restriction-selection mutagenesis, restriction-purification mutagenesis, 
artificial gene synthesis, ensemble mutagenesis, chimeric nucleic acid multimer creation 

25 and a combination thereof. 

133. The method of claim 129, wherein the method is iteratively 
repeated until an amylase having an altered or different activity or an altered or different 
stability from that of a polypeptide encoded by the template nucleic acid is produced. 

30 

134. The method of claim 133, wherein the variant amylase polypeptide 
is thermotolerant, and retains some activity after being exposed to an elevated 
temperature. 

254 



WO 2004/091544 



PCT7US2004/007096 



135. The method of claim 133, wherein the variant amylase polypeptide 
has increased glycosylation as compared to the amylase encoded by a template nucleic 
acid. 



136. The method of claim 133, wherein the variant amylase polypeptide 
has an amylase activity under a high temperature, wherein the amylase encoded by the 
template nucleic acid is not active under the high temperature. 



10 1 37. The method of claim 1 29, wherein the method is iteratively 

repeated until an amylase coding sequence having an altered codon usage from that of the 
template nucleic acid is produced. 



138. The method of claim 1 29, wherein the method is iteratively 
15 repeated until an amylase gene having higher or lower level of message expression or 
stability from that of the template nucleic acid is produced. 



139. A method for modifying codons in a nucleic acid encoding a 
polypeptide with an amylase activity to increase its expression in a host cell, the method 
20 comprising the following steps: 

(a) providing a nucleic acid encoding a polypeptide with an amylase 
activity comprising a sequence as set forth in claim 1 or claim 22; and, 

(b) identifying a non-preferred or a less preferred codon in the nucleic acid 
of step (a) and replacing it with a preferred or neutrally used codon encoding the same 

25 amino acid as the replaced codon, wherein a preferred codon is a codon over-represented 
in coding sequences in genes in the host cell and a non-preferred or less preferred codon 
is a codon under-represented in coding sequences in genes in the host cell, thereby 
modifying the nucleic acid to increase its expression in a host cell. 



30 1 40. A method for modifying codons in a nucleic acid encoding an 

amylase polypeptide, the method comprising the following steps: 

(a) providing a nucleic acid encoding a polypeptide with an amylase 
activity comprising a sequence as set forth in claim 1 or claim 22; and, 

* 
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(b) identifying a codon in the nucleic acid of step (a) and replacing it with 
a different codon encoding the same amino acid as the replaced codon, thereby modifying 
codons in a nucleic acid encoding an amylase. 

5 141 . A method for modifying codons in a nucleic acid encoding an 

amylase polypeptide to increase its expression in a host cell, the method comprising the 
following steps: 

(a) providing a nucleic acid encoding an amylase polypeptide comprising a 
sequence as set forth in claim 1 or claim 22; and, 

10 (b) identifying a non-preferred or a less preferred codon in the nucleic acid 

of step (a) and replacing it with a preferred or neutrally used codon encoding the same 
amino acid as the replaced codon, wherein a preferred codon is a codon over-represented 
in coding sequences in genes in the host cell and a non-preferred or less preferred codon 
is a codon under-represented in coding sequences in genes in the host cell, thereby 

15 modifying the nucleic acid to increase its expression in a host cell. 

142. A method for modifying a codon in a nucleic acid encoding a 
polypeptide having an amylase activity to decrease its expression in a host cell, the 
method comprising the following steps: 

20 (a) providing a nucleic acid encoding an amylase polypeptide comprising a 

sequence as set forth in claim 1 or claim 22; and 

(b) identifying at least one preferred codon in the nucleic acid of step (a) 
and replacing it with a non-preferred or less preferred codon encoding the same amino 
acid as the replaced codon, wherein a preferred codon is a codon over-represented in 

25 coding sequences in genes in a host cell and a non-preferred or less preferred codon is a 
codon under-represented in coding sequences in genes in the host cell, thereby modifying 
the nucleic acid to decrease its expression in a host cell. 

143. The method of claim 141 or 142, wherein the host cell is a bacterial 
30 cell, a fungal cell, an insect cell, a yeast cell, a plant cell or a mammalian cell. 

144. A method for producing a library of nucleic acids encoding a 

i 

plurality of modified amylase active sites or substrate binding sites, wherein the modified 
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active sites or substrate binding sites are derived from a first nucleic acid comprising a 
sequence encoding a first active site or a first substrate binding site the method 
comprising the following steps: 

(a) providing a first nucleic acid encoding a first active site or first 

5 substrate binding site, wherein the first nucleic acid sequence comprises a sequence that 
hybridizes under stringent conditions to a sequence as set forth in SEQ ID NO: 1 , SEQ ID 
NO:3, SEQ ID NO:5, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO: 13, SEQ ID NO: 15, 
SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:21, SEQ ID NO:23, SEQ ID NO:25, SEQ 
ID NO:27, SEQ ID NO:29, SEQ ID NO:31, SEQ ID NO:33, SEQ ID NO:35, SEQ ID 

10 NO:37, SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43, SEQ ID NO:45, SEQ ID 
NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID NO:55, SEQ ID 
NO:57, SEQ ID NO:59, SEQ ID NO:61, SEQ ID NO:63, SEQ ID NO:65, SEQ ID 
NO:67, SEQ ID NO:69, SEQ ID NO:71, SEQ ID NO:73, SEQ ID NO:75, SEQ ID 
NO:77, SEQ ID NO:79, SEQ ID NO:81, SEQ ID NO:83, SEQ ID NO:85, SEQ ID . 

15 NO:87, SEQ ID NO:89, SEQ ID NO:91 , SEQ ID NO:93, SEQ ID NO:95, SEQ ID 
NO:97, SEQ ID NO:99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID 
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ID NO:621, or a subsequence thereof, and the nucleic acid encodes an amylase active site 
or an amylase substrate binding site; 

(b) providing a set of mutagenic oligonucleotides that encode naturally- 
20 occurring amino acid variants at a plurality of targeted codons in the first nucleic acid; 

and, 

(c) using the set of mutagenic oligonucleotides to generate a set of active 
site-encoding or substrate binding site-encoding variant nucleic acids encoding a range of 
amino acid variations at each amino acid codon that was mutagenized, thereby producing 

25 a library of nucleic acids encoding a plurality of modified amylase active sites or 
substrate binding sites. 

145. The method of claim 144, comprising mutagenizing the first 
nucleic acid of step (a) by a method comprising an optimized directed evolution system, 

30 gene site-saturation mutagenesis (GSSM), or a synthetic ligation reassembly (SLR). 

146. The method of claim 144, comprising mutagenizing the first 
nucleic acid of step (a) or variants by a method comprising error-prone PCR, shuffling, 
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oligonucleotide-directed mutagenesis, assembly PCR, sexual PCR mutagenesis, in vivo 
mutagenesis, cassette mutagenesis, recursive ensemble mutagenesis, exponential 
ensemble mutagenesis, site-specific mutagenesis, gene reassembly, gene site saturated 
mutagenesis (GSSM), synthetic ligation reassembly (SLR) and a combination thereof. 

5 

1 47. The method of claim 1 44, comprising mutagenizing the first 
nucleic acid of step (a) or variants by a method comprising recombination, recursive 
sequence recombination, phosphothioate-modified DNA mutagenesis, uracil-containing 
template mutagenesis, gapped duplex mutagenesis, point mismatch repair mutagenesis, 
10 repair-deficient host strain mutagenesis, chemical mutagenesis, radiogenic mutagenesis, 
deletion mutagenesis, restriction-selection mutagenesis, restriction-purification 
mutagenesis, artificial gene synthesis, ensemble mutagenesis, chimeric nucleic acid 
multimer creation and a combination thereof 



15 1 48. A method for making a small molecule comprising the following 

steps: 

(a) providing a plurality of biosynthetic enzymes capable of synthesizing 
or modifying a small molecule, wherein one of the enzymes comprises an amylase 
enzyme encoded by a nucleic acid comprising a sequence as set forth in claim 1 or claim 

20 22; 

(b) providing a substrate for at least one of the enzymes of step (a); and 

(c) reacting the substrate of step (b) with the enzymes under conditions 
that facilitate a plurality of biocatalytic reactions to generate a small molecule by a series 
of biocatalytic reactions. 

25 

149. A method for modifying a small molecule comprising the 
following steps: 

(a) providing an amylase enzyme, wherein the enzyme comprises a 
polypeptide as set forth in claim 56, or a polypeptide encoded by a nucleic acid 

30 comprising a nucleic acid sequence as set forth in claim 1 or claim 22; 

(b) providing a small molecule; and 
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(c) reacting the enzyme of step (a) with the small molecule of step (b) 
under conditions that facilitate an enzymatic reaction catalyzed by the amylase enzyme, 
thereby modifying a small molecule by an amylase enzymatic reaction. 

5 1 50. The method of claim 1 49, comprising a plurality of small molecule 

substrates for the enzyme of step (a), thereby generating a library of modified small 
molecules produced by at least one enzymatic reaction catalyzed by the amylase enzyme. 

151. The method of claim 1 49, further comprising a plurality of 

10 additional enzymes under conditions that facilitate a plurality of biocatalytic reactions by 
the enzymes to form a library of modified small molecules produced by the plurality of 
enzymatic reactions. 

1 52. The method of claim 151, further comprising the step of testing the 
15 library to determine if a particular modified small molecule which exhibits a desired 

activity is present within the library. 

1 53. The method of claim 1 52, wherein the step of testing the library 
further comprises the steps of systematically eliminating all but one of the biocatalytic 

20 reactions used to produce a portion of the plurality of the modified small molecules 
within the library by testing the portion of the modified small molecule for the presence 
or absence of the particular modified small molecule with a desired activity, and 
identifying at least one specific biocatalytic reaction that produces the particular modified 
small molecule of desired activity. 

25 

1 54. A method for determining a functional fragment of an amylase 
enzyme comprising the steps of: 

(a) providing an amylase enzyme, wherein the enzyme comprises a 
polypeptide as set forth in claim 56, or a polypeptide encoded by a nucleic acid as set 

30 forth in claim 1 or claim 22; and 

(b) deleting a plurality of amino acid residues from the sequence of step 
(a) and testing the remaining subsequence for an amylase activity, thereby determining a 
functional fragment of an amylase enzyme. 
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1 55. The method of claim 1 54, wherein the amylase activity is measured 
by providing an amylase substrate and detecting a decrease in the amount of the substrate 
or an increase in the amount of a reaction product. 

5 

1 56. A method for whole cell engineering of new or modified 
phenotypes by using real-time metabolic flux analysis, the method comprising the 
following steps: 

(a) making a modified cell by modifying the genetic composition of a cell, 
10 wherein the genetic composition is modified by addition to the cell of a nucleic acid 

comprising a sequence as set forth in claim 1 or claim 22; 

(b) culturing the modified cell to generate a plurality of modified cells; 

(c) measuring at least one metabolic parameter of the cell by monitoring 
the cell culture of step (b) in real time; and, 

15 (d) analyzing the data of step (c) to determine if the measured parameter 

differs from a comparable measurement in an unmodified cell under similar conditions, 
thereby identifying an engineered phenotype in the cell using real-time metabolic flux 
analysis. 

20 157. The method of claim 1 56, wherein the genetic composition of the 

cell is modified by a method comprising deletion of a sequence or modification of a 
sequence in the cell, or, knocking out the expression of a gene. 

1 58. The method of claim 1 57, further comprising selecting a cell 
25 comprising a newly engineered phenotype. 

1 59. The method of claim 1 58, further comprising culturing the selected 
cell, thereby generating a new cell strain comprising a newly engineered phenotype. 

30 1 60. A method for hydrolyzing a starch comprising the following steps: 

(a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 
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(b) providing a composition comprising a starch; and 

(c) contacting the polypeptide of step (a) with the composition of step (b) 
under conditions wherein the polypeptide hydrolyzes the starch. 

5 161. The method as set forth in claim 1 60, wherein the composition 

comprises an a-l,4-glucosidic bond or a an a-l,6-glucosidic bond. 

162. A method for liquefying or removing a starch from a composition 
comprising the following steps: 

10 (a) providing a polypeptide having an amylase activity, wherein the 

polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing a composition comprising a starch; and 

(c) contacting the polypeptide of step (a) with the composition of step (b) 
15 under conditions wherein the polypeptide removes or liquefies the starch. 

1 63 . A method of increasing thermotolerance or thermostability of an 
amylase polypeptide, the method comprising glycosylating an amylase polypeptide, 
wherein the polypeptide comprises at least thirty contiguous amino acids of a polypeptide 

20 as set forth in claim 52, or a polypeptide encoded by a nucleic acid as set forth in claim 1 
or claim 22, thereby increasing the thermotolerance or thermostability of the amylase 
polypeptide. 

164. The method of claim 163, wherein the amylase specific activity is 
25 thermostable or thermotolerant at a temperature in the range from greater than about 37°C 

to about 95°C. 

165. A method for overexpressing a recombinant amylase polypeptide 
in a cell comprising expressing a vector comprising a nucleic acid sequence having at 

30 least 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98% or 99% sequence identity to a nucleic acid as set forth in 
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claim 1 or claim 22, wherein overexpression is effected by use of a high activity 
promoter, a dicistronic vector or by gene amplification of the vector. 

1 66. A detergent composition comprising a polypeptide as set forth in 
5 claim 52, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22, 

wherein the polypeptide comprises an amylase activity. 

1 67. The detergent composition of claim 1 66, wherein the amylase is a 
nonsurface-active amylase or a surface-active amylase. 

10 

168. The detergent composition of claim 166, wherein the amylase is 
formulated in a non-aqueous liquid composition, a cast solid, a granular form, a 
particulate form, a compressed tablet, a gel form, a paste or a slurry form. 

* 

15 169. The detergent composition of claim 166, wherein the amylase is 

active under alkaline conditions. 



1 70. The detergent composition of claim 1 66, wherein the amylase 
comprises a sequence as set forth in SEQ ID NO:210; SEQ ID NO:212; SEQ ID NO:441; 
20 SEQ ID NO:445; SEQ ID NO:439. 



171. A method for washing an object comprising the following steps: 

(a) providing a composition comprising a polypeptide having an amylase 
activity, wherein the polypeptide comprises a polypeptide as set forth in claim 56, or a 

25 polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing an object; and 

(c) contacting the polypeptide of step (a) and the object of step (b) under 
conditions wherein the composition can wash the object. 



30 1 72. A method for hydrolyzing a starch in a feed or a food prior to 

consumption by an animal comprising the following steps: 

(a) obtaining a feed material comprising a starch, wherein the starch can be 
hydrolyzed by a polypeptide having an amylase activity, wherein the polypeptide 
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» 

comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by a nucleic 
acid as set forth in claim 1 or claim 22; and 

(b) adding the polypeptide of step (a) to the feed or food material in an 
amount sufficient for a sufficient time period to cause hydrolysis of the starch and 
5 formation of a treated food or feed, thereby hydrolyzing the starch in the food or the feed 
prior to consumption by the animal. 

1 73. The method as set forth in claim 1 72, wherein the food or feed 
comprises rice, corn, barley, wheat, legumes, or potato. 

1 74. A feed or a food comprising a polypeptide as set forth in claim 56, 
or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 

1 75. A composition comprising a starch and a polypeptide as set forth in 
claim 56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 

176. A textile comprising a polypeptide as set forth in claim 56, or a 
polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 

1 77. A method for textile desizing comprising the following steps: 

(a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing a fabric; and 

(c) contacting the polypeptide of step (a) and the fabric of step (b) under 
conditions wherein the amylase can desize the fabric. 

1 78. A paper or paper product or paper pulp comprising a polypeptide 
as set forth in claim 56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 

30 or claim 22. 

1 79. A method for deinking of paper or fibers comprising the following 

steps: 
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(a) providing a polypeptide having an amylase activity, wherein the 
polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing a composition comprising paper or fiber; and 

5 (c) contacting the polypeptide of step (a) and the composition of step (b) 

under conditions wherein the polypeptide can deink the paper or fiber. 



1 80. A method for treatment of lignocellulosic fibers comprising the 
following steps: 

10 (a) providing a polypeptide having an amylase activity, wherein the 

polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing a lignocellulosic fiber; and 

(c) contacting the polypeptide of step (a) and the fiber of step (b) under 
15 conditions wherein the polypeptide can treat the fiber thereby improving the fiber 

properties. 



181. A high-maltose or a high-glucose liquid or syrup comprising a 
polypeptide as set forth in claim 56, or a polypeptide encoded by a nucleic acid as set 
20 forth in claim 1 or claim 22. 



1 82. A method for producing a high-maltose or a high-glucose syrup 
comprising the following steps: 

(a) providing a polypeptide having an amylase activity, wherein the 

25 polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing a composition comprising a starch; and 

(c) contacting the polypeptide of step (a) and the fabric of step (b) under 
conditions wherein the polypeptide of step (a) can hydrolyze the composition of step (b), 

30 thereby producing a high-maltose or a high-glucose syrup. 



1 83. The method as set forth in claim 182, wherein the starch is from 
rice, corn, barley, wheat, legumes, potato, or sweet potato. 
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1 84. A method for improving the flow of the starch-containing 
production fluids comprising the following steps: 

(a) providing a polypeptide having an amylase activity, wherein the 

5 polypeptide comprises a polypeptide as set forth in claim 56, or a polypeptide encoded by 
a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing production fluid comprising a starch; and 

(c) contacting the polypeptide of step (a) and the production fluid of step 
(b) under conditions wherein the amylase can hydrolyze the starch in the production fluid, 

1 0 thereby improving its flow by decreasing its density. 

1 85. The method as set forth in claim 1 84, wherein the production fluid 
is from a subterranean formation. 

15 1 86. An anti-staling composition comprising a polypeptide as set forth 

in claim 56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 

1 87. A method for preventing staling of a baked product comprising the 
following steps: 

20 (a) providing a polypeptide comprising a polypeptide as set forth in claim 

56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22; 

(b) providing a composition used for baking comprising a starch; 

(c) combining the polypeptide of step (a) with the composition of the step 
(b) under conditions wherein the polypeptide can hydrolyze the starch in the composition 

25 used for baking, thereby preventing staling of the baked product. 

188. The method as set forth in claim 187, wherein the baked product is 
a bread or bread product. 

30 1 89. A method for using amylase in brewing or alcohol production 

comprising the following steps: 

(a) providing a polypeptide comprising a polypeptide as set forth in claim 
56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22; 
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(b) providing a composition used for brewing or in alcohol production 
comprising a starch; 

(c) combining the polypeptide of step (a) with the composition of the step 
(b) under conditions wherein the polypeptide can hydrolyze the starch in the composition 

5 used for brewing or alcohol production. 



190. The method as set forth in claim 189, wherein the composition 
comprising a starch is a beer. 



10 191 . An alcoholic beverage comprising a polypeptide as set forth in 

claim 56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 



192. A beer comprising a polypeptide as set forth in claim 56, or a 
polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 

15 

193. A pharmaceutical composition comprising a polypeptide as set 
forth in claim 56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or 
claim 22. 



20 1 94. The pharmaceutical composition of claim 1 93 further comprising a 

latex polymer coating. 



195. The expression cassette of claim 32, wherein the nucleic acid is 
operably linked to a plant promoter. 

25 

196. The expression cassette of claim 195, further comprising a plant 
expression vector. 



197. The expression cassette of claim 196, wherein the plant expression 
30 vector comprises a plant virus. 
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198. The expression cassette of claim 195, wherein the plant promoter 
comprises a potato promoter, a rice promoter, a corn promoter, a wheat or a barley 
promoter. 



5 199. The expression cassette of claim 195, wherein the promoter 

comprises a promoter derived from T-DNA of Agrobacterium tumefaciens. 



200. The expression cassette of claim 195, wherein the promoter is a 
constitutive promoter. 

10 

201. The expression cassette of claim 200, wherein the constitutive 
promoter is CaMV35S. 



202. The expression cassette of claim 195, wherein the promoter is an 
1 5 inducible promoter or a tissue-specific promoter. 



203. The expression cassette of claim 202, wherein the tissue-specific 
promoter is a seed-specific, a leaf-specific, a root-specific, a stem-specific or an 
abscission-induced promoter. 

20 

204. The transformed cell of claim 39, wherein the plant cell is a potato, 
rice, corn, wheat, tobacco or barley cell. 



205. A method of making a transgenic plant comprising the following 

25 steps: 

(a) introducing a heterologous nucleic acid sequence into the cell, wherein 
the heterologous nucleic sequence comprises a sequence as set forth in claim 1 or claim 
22, thereby producing a transformed plant cell; 

(b) producing a transgenic plant from the transformed cell. 

30 

206. The method as set forth in claim 205, wherein the step (a) further 
comprises introducing the heterologous nucleic acid sequence by electroporation or 
microinjection of plant cell protoplasts. 
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207. The method as set forth in claim 205, wherein the step (a) 
comprises introducing the heterologous nucleic acid sequence directly to plant tissue by 
DNA particle bombardment. 

5 

208. The method as set forth in claim 205, wherein the step (a) 
comprises introducing the heterologous nucleic acid sequence into the plant cell DNA 
using an Agrobacterium tumefaciens host. 

10 209. A method of expressing a heterologous nucleic acid sequence in a 

plant cell comprising the following steps: 

(a) transforming the plant cell with a heterologous nucleic acid sequence 

operably linked to a promoter, wherein the heterologous nucleic sequence comprises a 

sequence as set forth in claim 1 or claim 22; 
15 (b) growing the plant under conditions wherein the heterologous nucleic 

acids sequence is expressed in the plant cell. 

210. A signal sequence comprising a peptide as set forth in Table 3. 
20 21 1 . A signal sequence consisting of a peptide as set forth in Table 3. 

212. A chimeric protein comprising a first domain comprising a signal 
sequence as set forth in claim 210 or claim 211 and at least a second domain. 

25 213. The chimeric protein of claim 212, wherein the protein is a fusion 

protein. 

214. The chimeric protein of claim 212, wherein the second domain 
comprises an enzyme. 

30 

215. The chimeric protein of claim 214, wherein the enzyme is an 

amylase. 
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216. An oral care product comprising a polypeptide as set forth in claim 

% 

56, or a polypeptide encoded by a nucleic acid as set forth in claim 1 or claim 22. 



2 1 7. The oral care product of claim 2 1 6, wherein the product comprises 
5 a toothpaste, a dental cream, a gel or a tooth powder, an odontic, a mouth wash, a pre- or 
post brushing rinse formulation, a chewing gum, a lozenge or a candy. 



218. A delayed release or controlled release composition comprising an 
desired ingredient coated by a latex polymer coating. 

10 

2 1 9. The delayed release or controlled release composition of claim 218, 
wherein the desired ingredient comprises an enzyme. 



220. The delayed release or controlled release composition of claim 2 1 8, 
15 wherein the desired ingredient comprises a small molecule, a drug, a polysaccharide, a 
lipid, a nucleic acid, a vitamin, an antibiotics or an insecticide. 



22 1 . The delayed release or controlled release composition of claim 2 1 8, 
wherein the desired ingredient comprises a pellet or a matrix. 

20 

222. The delayed release or controlled release composition of claim 221 , 
wherein the pellet or matrix comprises edible material. 



223. The delayed release composition or controlled release of claim 2 1 8, 
25 wherein the latex polymer coating comprises a latex paint. 



224. The delayed release or controlled release composition of claim 2 1 8, 
wherein the latex polymer coating comprises a (meth)acrylate, a vinyl acetate, a styrene, 
an ethylene, a vinyl chloride, a butadiene, a vinylidene chloride, a vinyl versatate, a vinyl 
30 propionate, a t-butyl acrylate, an acrylonitrile, a neoprene, a maleate, a fumarate or a 
combination thereof or a derivative thereof. 
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225. The delayed release or controlled release composition of claim 2 1 8, 
comprising a polypeptide as set forth in claim 56. 

226. A method for the delayed release or controlled release of a 
5 composition comprising coating the composition with a latex polymer coating. 

227. The method of claim 226, wherein the composition comprises a 
polypeptide as set forth in claim 56. 

10 228. An oil well drilling fluid comprising a polypeptide as set forth in 

claim 56. 



229. A method for changing the viscosity of a composition comprising 
treating the composition with a polypeptide as set forth in claim 56. 

15 

230. The method of claim 229, wherein the composition comprises a 

soil. 



231. A method for aiding in the carrying away of drilling mud 
20 comprising treating the drilling mud with a composition comprising a polypeptide as set 
forth in claim 56. 



232. A bio-bleaching solution comprising a polypeptide as set forth in 

claim 56. 

25 

233. A method for bio-bleaching a composition comprising treating the 
composition with a polypeptide as set forth in claim 56. 



234. The method of claim 233, wherein the composition is a paper or a 

30 pulp product. 



235. 
following steps: 



A method for making an ethanol-based fuel comprising the 
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(a) providing an amylase enzyme as set forth in claim 56; 

(b) providing a composition comprising a starch; and 

(c) contacting the amylase of (a) with the composition of (b) under 
conditions wherein the amylase hydrolyzes the starch. 

5 

236. The method of claim 235, wherein the amylase enzyme is a 
thermostable enzyme. 

237. The method of claim 235, wherein the thermostable enzyme is an 
10 enzyme having a sequence as set forth in SEQ ID NO:437. 
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SBQ IDNO.:U3 (1> - - * -AANLNCTI^mWY^WfcHWK^ 
SBQ ID NO. : 115 (1) AWSBIMG^**^ 



81 

SEQ ID NO. : 113 (76) XKY€jT$j§EI^SA$K9LHSRDIgVY 
SBO I D NO . : 1 27 < 7 9 ) ^KY^T^QAjRiAAKSAGHQVY 
SEQ ID NO . : 115 (81) tSS^ELSNHjSTAHQYGIKVI 




TEDVTAVEVOPADRNgVI S 
EWVDAVEVKP®RNQBTS 
YVGflYT4<DFS|Vj 




160 

IKAWTHFHFPGRGSTYSDFK 

YQIQAWTKFDFPGRGNTYSSFK 
YJCAKYMDFHPN 



161 

SEQ ID NO. : 113 (156) WHWYH RXTT flWD£SJ$KLNI 
SEQ ZO NO. i 127 (159) WRWYHFDGT^WPESgKLNl 
SEQ ID NO. : IIS (150) NjST$j$BGTFGGFP[ 



[KW--KAp|BVSHEHGNYI)YIifYAD|DYDHPflVAAEjKRHGl 
T sVDfENGNYDYLKgADLDMDHPEWTELKNWGl 
)8LVPFNQYfL|ASNBS Y J 



240 

hgb(S^f|y 



241 





SBQ 10 NO . : 113 (234 ) 
SBQ ID NO. : 127 (239) 
SBQ ID NO. i 115(200) 



321 

SEQ 10 NO.: 113,(312) 
SEQ ID NO. : 127 (317) • 
SEQ ID NO. : 115 (272) 

401 

SEQ ID NO- : 113 (390) KARKQYIySAQHDY 
SBO ID NO. .127(392) I AR$i YJ| Y@SQftDY I Dft 
SEQ ID H0.:11S(3J1) NI HEKL^G^tflll^YD 



481 

SEQ ID NO. : 113 (468) jGEFHVN 

SBQ ID NO. : 127 (470) jgGEFKVN 

SEQ ID NO- : 115 ( 410) JVKLTAPPHDPAWGY 



KTGREfll 
RSQTRKNLFi 



rogGASEfYfNKTN 
SYDVNKSHiYITKtSGSMS 
|0TNyOAgLSAYS3G-- 




PGQSLESTV 
PGQSLQSWVgp 
II 






320 

flFflA|STQGCC YDMRKLLNG - - 
FYTSSKSSGYfDMRYttml- - 
KMDEfroNKNIPA|VYA|<HaB 



400 

CTKGDSQ - - RB I PA&CHKI BP^I» 

YYGIPKYN IP^SKSRlgpiX 

YBEWLNKD KLNttfl 1 

480 



SBQ ID NO. : 113 (485) 
SEQ ID NO. : 127 (541) 
SEQ ID MO. :115 (437) 



561 



l8GWT§5|DaSVANSGIJU^TDCPGGAK^ . _ EP WI \ 

mWTjHlOSgPNSGU^ 

ifrt^GDgPGL^YglLGSDIlgEj^lvfSKFAGY^ 

i«vqr : 

SJWSjAGVO ^ _ 

605 




OGKA I EFKFI KKDQSGNWWBS I PNRTYTVP PLSTGSYTAS WNVP 
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SEQ ID HO: 81 
pyro 

pyro2 

thermo 

the rmo2 

Consensus 



1 50 

MKK FVALFITMFF WSMAW AQPASAA K 

MKK FVALLITMFF WSMAAV. . . AQPASAA K 

VNIKK LTPLLTL LLF FI...VL ASPVSAA K 

SESQCTATCT WRWYMSAKK LLALLFVLAV LVGVAVIPAR VGIAPVSAGA 

: MA RKVLVALLVF LWLSVSAV P 

~ - SA- - 



SEQ ID NO: 81 
pyro 
pyro2 
thermo 
the rmo2 
Consensus 



SEQ ID NO: 81 
pyro 
pyro2 
thermo 
the rmo2 
Cons ensus 



51 

YS . . ELEEGG VIMQAFYWDV 
YS . . E LEEGG VIMQAFYWDV 
YL.. ELEEGG VIMQAFYWDV 
TSRPS LEEGG VIMQAFYWDV 
AKAETLENGG VIMQAFYWDV 

LB-GO VIMQAFYWDV 

Sense primer 
101 

SKGMSGGYSM GYDPYD FFDL 
SKGMG GAYSM GYDPYD FFDL 
SKGMSGGYSM GYDPYD YFDL 
SKGMS GAYSM GYDPYD FFDL 
SKGMSGGYSM GYDPYD FFDL 
SKGM- G-YSM GYDPYD -FDL 



PGGGIWWDTI 
PAGGIWWDTI 
PGGGIWWDHI 
PAGGI WW DTI 
PGGGIWWDTI 
P-GGIWWD-I 



GEYNQKGTIE 
GBYNQKGTVE 
GBYYQKGTVE 
GBYYQKGTVE 
GBYYQKG SVE 
GEY-QKG --E 



RSKIPEWYEA 
RSKIPEWYEA 
RSKIPEWYEA 
RSKIPDWASA 
AQKIPDWASA 
--KIP-W- -A 



TRFGSKQELI 
TRFGSKQELI 
TRFGSKEE LV 
TRFGSKQELI 
TRFGSKEE LV 
TRFGSK-BL- 



10 0 

GISAIWIPPA 
GISAIWIPPA 
GISAIWLPPP 
GISAIWIPPA 
GISAIWIPPA 
GISAIW-PP - 

150 

NMINTAHAYG 
NMINTAHAYG 
RLIQTAHAYG 
NMINTAHSYG 
NMINTAHAHN 
--I-TAH 



SEQ ID NO: 81 
pyro 
* p yro2 
th ernio 
the rmo2 
Cons ensus 



151 

IKVIADIVIN 
IKVIADIVIN 
IKVIADWIM 
IKVIADIVIM 
MKVIADIVIM 
-KVIAD-VIN 



HRAGGD LEWN 
HRAGGD LEWN 
HRAGGD LEWN 
HRAGGD LEWN 
HRAGGD LEWN 
HRAGGD LEWN 



PFVGDYT HTD 
PFVGDYT WTD 
PFVGDYT WTD 
PFTNSYTWTD 
PFTNSYT WTD 
PF YT WTD 



FSKVASGKYT 
FSKVASGKYT 
FSKVASGKYT 
FSKVASGKYT 
FSKVASGKYT 
FSKVASGKYT 



200 

ANYLDFHPN E 
ANYLDFHPNE 
ANYLDFHPN E 
ANYLDFHPNE 
ANYLDFHPNE 
ANYLDFHPN B 



SEQ ID NO: 81 

pyro 

pyro2 
thertno 
the rmo2 
Cons ensus 



201 

VKCCD 

VKCCD 

LHCCD 

VKCCD 

LHAGD 

D 



EGTFG GFPDIAHEKS 
EGTFG GFPDIAHEKE 
EGTFG GFPDICHHKS 
EGTFG GFPDIAHEKS 
SGTFG GYPDICHDKS 
-GTFG G-PDI-K-K- 



WDQHWLWASD 
WDQHWLW ASD 
WDQYWLWKSN 
WDQYWLWASQ 
WDQHWLW ASN 
WOQ-WLW-S- 



ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLR SI 
KSYAAYLRSI 
ESYAAYLRSI 
-SYAAYLRSI 



250 

GVDAWRFD Y V 
GVDAWRFDYV 
GFDGWRFDYV 
GIDAWRFDYV 
GIDAWRFDY V 
G-D-WRFDY V 



SEQ ID NO: 81 

pyro 
pyro2 
thermo 
thermo2 
Consensus 



251 

KGYGAWWKD 
KGY^WVWftfc 

Kcnrc^wvvia) 

KGYAPWWKN 
KGY--WW-- 



WLNWWGGWAV 
WUIVrtfOGVOVV 
WfcNlWSGWAV 
WLKWW. ALAV 
WLNRWGGWAV 
WL--W AV 



U-NWAYSSGA 

GEYWDTNVDA LLNWAYSS GA 
GEYWDTNVDA LLSWAYDS GA 
GEYWDTNVDA LL-WAY-SGA 



300 

KVFDfPLYYK 

JCVFljFkiYYK 
KVFDFPLYY K 
KVFDFPLYY K 



SEQ ID NO: 81 
pyro 
pyro2 
thermo 
thertno2 
Consensus 



301 

MDEAF DNKNI 
MDEAF DNTNI 
MDBAFDNNNI 
MDEAF DNKNI 
MDEAF DNNNI 
MDEAF DN-NI 



PALVSALQNG 
PALVDA LONG 
PALVYA LQNG 
PALVSALQNG 
PALVDA LKNG 
PALV-AL-NG 



QTWSRD PFK 
GTWSRD PFK 
QTWSRD PFK 
QTWSRD PFK 
GTWSRD PFK 
-TWSRDPFK 



AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 



350 

DIIWNKYLAY 
DIIWNKYPAY 
DIIWNKYPAY 
DIIWNKYPAY 
NIIWNKYPAY 
-IIWNKY-A Y 
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351 


CCA lf\ VJfV 91 




pyro 






AFTI.T YFOOP 




& FT I.T YFfTOP 


c nermoz 


1\ t? T F TV C(?TlD 


Consensus 


Ar ILT xEUyP 




401 


SEQ ID NO: 81 


MIFVRNGYGS 


pyro 


LIFVRNGDSK 


. pyro2 


LIFVRNGDSR 




LIFVRNGYGN 


thermo2 


LIFVRNGYGD 


Consensus 


-IFVRNG 




451 


SEQ ID NO: 81 


DKYVYSSGWV 


pyro 


DKYVSSSGW 


pyro2 


DKRVDSSGWV 


thermo 


DKYVG SNGWV 


thermo2 


DKWVD SSGRV 


Consensus 


DK-V- S-G-V 



VIFYRDYEEW LNKDRLNNLI 
VIFYRDYEEW LNKDKLN NLI 
VIFYRD FEEW LNKDKLINLI 
VIFYRDYEEW LNKDRLKNLI 
AIFYRD YEEW LNKDRLRNLI 
-IFYRD-BEW LNKD-L-NLI 



KPGLITYINL GSSKVGRWVY 
RPGLITYINL GSSKVGRWVY 
RPGLITYINL SPNWVGRWVY 
KPGLITYINL GSSKVGRWVY 
KPGLITYINL GSSKAGRWVY 
-PGLITYINL GRWVY 



YFEAPAYDPA NGQYGYSVWS 
YLEAPAYDPA SGQYGYT VWS 
YLEAPPHDPA NGYYGYS VWS 
YLEAPAHDPA KGQYGYS VWS 
YLEAPA HDPA NGQYGYSVWS 
Y-EAP- -DPA -G-YGY- VWS 

Ant 1 sen 



400 

WIHDHLAGGS TSIVYYDSD E 
WIHDHLAGGS TSIVYYDSD E 
WIHDHLAGGS TTIVYYDNDE 
WIHNNLAGGS TSIVYYDNDE 
WIHDHLAGGS TDIIYYDSDE 
WIH--LAGGS T-I-YYD-DE 

45 0 

VPKFAGAC IH EYTGNLGGWV 
VPKFAGACIH EYTGNLGGWV 
VPKFAGAC IH EYTGNLGGWV 
VPKFAGSCIH EYTGNLGGWV 
VPKFAGSC IH EYTGNLGGWI 
VPKFAG-CIH EYTGNLGGW- 

486 
YOGVG* 
YCGVG* 
YCGVG* 
YCGVG* 
YCGVG* 
YOTVG* 
e primer 
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I 50 

SEQ ID NO: 81 MKKFVA LFITMFFVVS MAWAQPAS A 

pyro r MKKFVA LLITMFFVVS MAAVAQPAS A 

SEQ 10 NO: 73 

the rmo2 MA RKVLVALLVF L WLSVSAV P 



SEQ JD NO: 77 

SEQ ID NO: 83 

SEQ JD NO: 85 

SEQ ID NO 79 MKPAKL LVFVLWS IL AGLYAQPAGA 

thermo SESQCTATCT WRWYMSAKK LLALLFVLAV LVGVAVIPAR VOIAPVSAGA 

pyro2 VN IKK LTPLLTLLLF FIVLASPVSA 

CLONE A MRRSARV LVLIIAFFLL AGIYYPSTSA 

Consensus — • 

» • 

SI 100 

SEQ ID NO: 81 AKYSE LBEGG VIMQAF YWDV PGGGIWWDTI RSKIPEWYEA GISAIWIPPA 

pyro AKYSELEEGG VIMQAF YWDV PAGGIWWDTI RSKIPEWYEA GISAIWIPPA 

SEQIDNO:73 — -MALEEGG LIMQAF YWDV PGGGIWWDTI AQKIPDWASA GISAIWIPPA 

thermo 2 AKAETLENGG VIMQAF YWDV PGGGIWWDTI AQKIPDWASA GISAIWIPPA 

SEQ ID NO: 75 MALEEGG LIMQAFYWDV PMGGIWWDTI AQKIPDWASA GISAIWIPPA 

SEQ ID NO: 77 MALEEGG LIMQAFYWDV PMGGIWWDTI AQKIPDWASA GISAIWIPPA 

SEQ ID NO: 83 MALEEGG LIMQAFYWDV PGGGIWWDTI AQKIPEWASA GISAIWIPPA 

SEQ JD NO: 85 MALEEGG LIMQAFYWDV PGGGIWWDTI AQKIPEWASA GISAIWIPPA 

SEQ ID NO: 79 AKYLE LEEGG VIMQAF YWDV PSGGIWWDTI RQKIPEWYDA GISAIWIPPA 

thermo TSRPS LEEGG VIMQAF YWDV PAGGIWWDTI RSKIPDWASA GISAIWIPPA 

pyro 2 AKYLE LEEGG VIMQAF YWDV PGGGIWWDHI RSKIPEWYEA GISAIWLPPP 

CLONE A AKYSB LEQGG VIMQAF YWDV PEGGIWWDTI RQKIPEWYDA GISAIWIPPA 

Consensus GG -IMQAFYWDV P-GGIWWD-I --KIP-W- -A GISAIW-PP- 

101 15 0 

SEQ ID NO: 81 SKGMS GGYSM GYDPYD FFDL GEYNQKGTIB TRFGSKQB LI NMINTAHAYG 

pyro SKGMGGAYSM GYDPYD FFDL GEYNQKG TVE TRFGSKQE LI NMINTAHAYG 

SEQ ID NO: 73 SKGMS GGYSM GYDPYD FFDL GEYYQKG SVB TRFGSKEE LV NMINTAHAHN 

thermo2 SKGMS GGYSM GYDPYD FFDL GEYYQKG SVB TRFGSKEE LV NMINTAHAHN 

SEQ ID NO: 75 SKGMS GGYSM GYDPYD YFDL GEYYQKG TVE TRFGSKQE LI NMINTAHAYG 

SEQ ID NO: 77 SKGMS GGYSM GYDPYD YFDL GEYYQKG TVE TRFGSKQE LI NMINTAHAYG 

SEQ ID NO: 83 SKGMS GGYSM GYDPYD FFDL GEYYQKG TVE TRFGSKEE LV NMINTAHSYG 

SEQ ID NO: 85 SKGMS GGYSM GYDPYD FFDL GEYYQKG TVE TRFGSKEE LV NMINTAHSYG 

SEQ ID NO*. 79 SKGMGGAYSM GYDPYD FFDL GBYDQKGTVE TRFGSKQB LV NMINTAHAYG 

thermo SKGMS GAYSM GYDPYD FFDL GEYYQKG TVE TRFGSKQE LI NMINTAHSYG 

pyro2 SKGMS GGYSM GYDPYD YFDL GEYYQKG TVE TRFGSKEE LV RLIQTAHAYG 

CLONE A SKGMGGAYSM GYDPYD YFDL GEFYQKGTVE TRFGSKEE LV NMISTAHQYG 

Consensus SKQ«- G-YSM G^P^-PE>L G5--QKG--E TftFGSK-EL- --I-TtfH--- 

r 

■ 

151 200 

SEQ ID NO: 81 IKVIADIVIN HRAGGDLEWN PFVGDYTWTD FSKVASGKYT ANYLDFHPNE ' 

pyro IKVIADIVIN HRAGGDLEWN PFVGDYTWTD FSKVASGKYT ANYLDFHPNE 

SEQ ID NO: 73 MKVIADIVIN HRAGGDLEWN PFTNSYTWTD FSKVASGKYT ANYLDFHPNE 

the rmo2 MKVIADIVIN HRAGGDLEWN PFTNSYTWTD FSKVASGKYT ANYLDFHPNE 

SEQ ID NO. 75 MKVIADIVIN HRAGGDLEWN PFVNDYT WTD FSKVASGKYT ANYLDFHPNE 

SEQ ID NO: 77 MKVIADIVIN HRAGGDLEWN PFVNDYT WTD FSKVASGKYT ANYLDFHPNE 

SEQ ID NO: 93 IKVIADIVIN HRAGGDLEWN PFVNDYT WTD FSKVASGKYT ANYLDFHPNE 

SEQ ID NO; 85 IKVIADIVIN HRAGGGLEWN PFVNDYT WTD FSKVASGKYT ANYLDFHPNE 

SEQ ID NO: 79 IKVIADIVIN HRAGGDLEWN PFVNDYT WTD FSKVASGKYT ANYLDFHPNE 

thermo IKVIADIVIN HRAGGDLEWN PFTNSYTWTD FSKVASGKYT ANYLDFHPNE 

pyro2 IKVIADWIN HRAGGDLEWN PFVGDYTWTD FSKVASGKYT ANYLDFHPNE 

CLONE A IKVIADIVIN HRAGGDLEWN PYVGDYTWTD FSKVASGKYK AHYMDFHPNN 

Consensus -KVIAD-VIN HRAGG-LEWN P YTWTD FSKVASGKY- A-Y-DFHPN - 
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SEQ ID NO: 81 
pyro 
SEQID NO: 73 

the rmo2 
SEQID NO: 75 
SEQ ID NO: 77 

SEQ ID NO: 83 
SEQID NO: 85 
SEQID NO: 79 

thermo 
pyro2 

CLONE A 

Consensus 



201 

VKCCD EGTFG 
VKCCD EGTFG 
LHAGD SGTFG 
LHAGD SGTFG 
LHAGD SGTFG 
LHAGD SGTFG 
LHCCD EGTFG 
LHCCD EGTFG 
VKCCD EGTFG 
VKCCD EGTFG 
LHCCD EGTFG 
YSTSD EGTFG 
D -GTFG 



GFPDIAHEKS 
GFPDIAHEKE 
GYPDICHDKS 
GYPDICHDKS 
GYPDICHDKS 
GYPDICHDKS 
GYPDICHDKS 
GYPDICHDKS 
GFPDIAHEKS 
GFPDIAHEKS 
GFPDICHHKB 
GFPDIDHLVP 
G-PDI-H- — 



WDQHWLW ASD 
WDQHWLW ASD 
WDQHWLW ASN 
WDQHWLW ASN 
WDQYWLWASQ 
WDQYWLWASQ 
WDQYWLWASS 
WDQYWLWASS 
WDQYWLWASN 
WDQYWLWASQ 
WDQYWLWKSN 
FNQYWLW ASN 
—Q-WLW -S- 



ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
KSYAAYLRSI 
ESYAAYLRSI 
ESYAAYLRSI 
-SYAAYLRSI 



250 

GVDAWRFDY V 
GVDAWRFDY V 
GIDAWRFDYV 
GIDAWRFDYV 
GIDAWRFDYV 
GIDAWRFDYV 
GVDAWRFDY V 
GVDAWCFDY V 
GVDAWRFDY V 
GIDAWRFDYV 
GFDGWRFDYV 
GIDAWRFDYV 
G-D-W-FDYV 



SEQ ID NO: fifl 
pyro 
SEQ ID NO: 73 

the rmo2 
SEQ ID NO: 75 

SEQ ID NO: 77 

SEQ ID NO: 83 

SEQ ID NO: 85 
SEQ ID NO: 79 

thermo 
pyro2 
CLONE A 
Cons ensus 



251 

KGYGA WWKD 
KGYGAWWKD 
KGYAPWWXN 
KGYAPWWXN 
KGYAPWWRD 
KGYAP WWKD 
KGYGA WWND 
KGYGA WWND 
KGYGAWWKD 
KGYGAWWKD 
KGYGA WWRD 
KGYGAWWKD 
KGY-- WW- 



WLNWWGGWAV 
WLNWWGGWAV 
WLNRWG GWAV. 
WLNRWGGWAV 
WLNWWGGWAV 
WLNWWGGWAV 
WLSWWGGWAV 
WLSWWGGWAV 
WLDWWGGWAV 
WLKWW. ALAV 
WLNWWGGWAV 
WLSQWGGWAV 
WL--W- --AV 



GEYWDTNVDA 
GEYWDTN VDA 
GEYWDTNVDA 
GEYWDTNVDA 
GEYWDTNVDA 
GEYWDTNVDA 
GEYWDTNVDA 
<JEYWDTN VDA 
GEYWDTNVDA 
GEYWDTNVDA 
GEYWDTNVDA 
GEYWDTNVDA 
GEYWDTNVDA 



LLNWAYSSGA 
LLNWAYSS GA 
LLSWAYDS GA 
LLSWAYDSGA 
VLNWAYSS GA 
VLNWAYSSGA 
LLNWAYSSGA 
LLNWAYNSGA 
LLNWAYSS DA 
LLNWAYSSGA 
LLSWAY8SGA 
LLNWAYSSGA 
-L-WAY-S-A 



300 

KVFDFPLYY K 
KVFDFPLYY JC 
KVFDFPLYY K 
KVFDFPLYY K 
KVFDFALYY K 
KVFDFALYY K 
KVFDFPLYY K 
KVFDFPLYY K 
KVFDFPLYY K 
KVFDFPLYY K 
KVFDFPLYY K 
KVFDFPLYY K 
KVFDF-LYYK 



SEQ ID NO: 8 1 
pyro 
SEQ ID NO: 73 

the m»2 
SEQ ID NO: 75 

SEQ ID NO: 77 

SEQ ID NO: 83 
SEQIDNOB5 

SEQ ID NO: 79 
thermo 
pyroi 

CUJNfiA 
Consensus 



301 

MDEAF DNKNI 
MDEAF DNTNI 
MDEAFDNNNI 
MDEAFDNNNI 
MDEAFDNNNI 
MDEAFDNNNI 
MDEAF DNTNI 
MDEAF DNTNI 
MDAAF DNKNI 
MDEAF DNKNI 
MDEAFDNNNI 
MDEAFDNKNI 



PALVSA LQNG 
PAL VDA LONG 
PAL VDA LKNG 
PALVDALKNG 
PALVDALRYG 
PAL VDA LRYG 
PALVDALRYG 
PALVYALKNG 
PALVEALKNG 
PALVSA LQNG 
PALVTAWH6 
PAfLVYAIONG 
PALv*A---G 



QTWSRDPFK 
GTWSRDPFK 
GTWSRD PFK 
CJTWSRD PFK 
QTWSRDPFK 
QTWSRD PFK 
QTWSRDPFK 
GTWSRDPFK 
GTWSRDPFK 
QTWSRD PFK 
QTWSRDPFK 
STVVSR&PGK 

-tvve^phc 



AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANHDT 
AVTFVANH.DT 
AVTFVANHDT 
AVTFVANHDT 
AVtFVftNHfiT 
AVliTVA^DT 
AVT^tf&HDT 



35 0 

DIIWNKYLAY 
DIIWNKYPAY 
NIIWNKYPAY 
NIIWNKYPAY 
DIIWNKYPAY 
DIIWNKYPAY 
DIIWNKYPAY 
DIIWNKYPAY 
DIIWNKYPAY 
DIIWNKYPAY 
DIIHNKYPAY 
NljimKVPAY 
-IlWKY-AY 



SEQ ID NO: 8 i 
pyro 
SEQ ID NO: 73 
thermo 2 
SEO ID NO: 75 
SEQ ID NO: 77 

SEQ ID NO: 83 
SEQ ID NO: 85 
SEQ ID NO: 79 

thermo 
pyro 2 
CLONE A 
Consensus 



351 

AFILTYBGQP 
AFILTYEGQP 
AFILTYEGQP 
AFILTYBGQP 
AFILTYEGQP 
AFILTYEGQP 
AFILTYEGQP 
AFILTYBGQP 
AFILTYEGQP 
AFILTYEGQP 
AFILTYEGQP 
AFILTYEGQP 
AFILTYEGQP 



VIFYRDYEEW 
VIFYRDYEEW 
AIFYRDYBEW 
AIFYRDYBEW 
TIFYRDYBEW 

TIFYRDYBEW 
VIFYRDYEEW 
VIFYRDYEEW 
TIFYRDYBEW 
VIFYRDYEEW 
VIFYRD FEEW 
VIFYRDYEEW 
-IFYRD-EEW 



LNKDRLNNLI 
LNKDKLNNLI 
LNKDRLRNLI 
LNKDRLRNLI 
LNKDKLKNLI 
LNKDKLKNLI 
LNKDKLNNLI 
LNKDKLNNLI 
LNKDRLKNLI 
LNKDRLKNLI 
LNKDKLINLI 
LNKDKLNNLI 
LNKD-L- NLI 



WIHDHLAGGS 
WIHDHLAG GS 
WIHDHLAGGS 
WIHDHLAGGS 
WIHDNLAGGS 
WIHDNLAGGS 
WIHDHLAGGS 
WIHDHLAG GS 
WIHDHLAGGS 
WIHNNLAGGS 
WIHDHLAGGS 
WIHEHLAG GS 
WIH--LAGGS 



.40 0 

TSIVYYDSDE 
TSIWYDSDB 
TDIIYYDSDB 
TDIIYYDSDB 
TDIVYYDNDB 
TDIVYYDNDB 
TDIVYYDSDE 
TD1VYYDSD E 
TDIVYYDNDE 
TSIVYYDND E 
TTIVYYDNDE 
TKILYYDDDE 
T-X-YYD-DE 
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SEQ ID NO: 81 
pyro 
SEQ ID NO: 73 

the rmo2 
SEQ ID NO: 75 
SEQ ID NO: 77 
SEQ ID NO: 83 

SEQ ID NO: 85 
SEQ ID NO: 79 
thermo 
pyro2 

CLONE A 
Consensus 



401 

MIFVRNGYGS 
LIFVRNGDSK 
LIFVRNGYGD 
LIFVRNGYGD 
LIFVRNGYGS 
LIFVRNGYGS 
LIFVRNGYGT 
LIFVRNGYGT 
LIFVRNGYGD 
LIFVRNGYGN 
LIFVRNGD6R 
LIFMREGYGD 
-IF-R-G--- 



KPGLITYINL 
RPGLITYINL 
KPGLITYINL 
KPGLITYINL 
KPGLITYINL 
KPGLITYINL 
KPGLITYINL 
KPGLITYINL 
KPGLITYINL 
KPGLITYINL 
RPGLITYINL 
RPGLITYINL 
-PGLITYINL 



GSSKVGR WVY 
GSSKVGR WVY 
GSSKAGR WVY 
GSSKAGR WVY 
GSSKAGR WVY 
ASSKAGRWVY 
GSSKVGR WVY 
GSSKAGR WVY 
GSSKAGR WVY 
GSSKVGR WVY 
SPNWVGRWVY 
GSDWAER WVN 
RWV- 



V.PKFAGACI 
V.PKFAGACI 
V . PKFAGS CI 
V.PKFAGSCI 
V. PKFAGS CI 
V.PKFAGSCI 
V.PKFAQSCI 
V . PKFAGS CI 
V. PKFAGACI 
V.PKFAGSCI 
V.PKFAGACI 
VGSKFAGYTI 
V--KFAG- -I 



45 0 

HEYTGNLGGW 
HEYTGNLGGW 
HEYTGNLGGW 
HEYTGNLGGW 
HEYTGNLGGW 
HEYTGNLGGW 
HEYTGNLGGW 
HBYTGSLGGW 
HEYTGNLGQW 
HEYTGNLGGW 
HEYTGNLGGW 
HEYTGNLGGW 
HEYTG-LGGW 



SEQ ID NO: 81 
pyro 
SEQ ID NO: 73 
thermo2 
SEQ ID NO: 75 

SEQ ID NO: 77 
SEQ ID NO: 83 
SEQ ID NO: 85 

SEQ ID NO: 79 
thermo 
pyro2 
CLONE A 

Cons ensus 



451 

VDKYVYSSGW 
VDKYVESSGW 
IDKWVDSSGR 
IDKWVDSSGR 
VDKWV DSSGW 
VDKWVDSSGW 
IDKYVSSSGW 
IDKYVSSSGW 
VDKWV DSSGW 
VDKYV GSNGW 
VDKRV DSSGW 
VDRYVQYDGW 
-D--V---G- 



VYFEAPAYDP 
VYLEAP AYDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP AHDP 
VYLEAP PHDP 
VKLTAP PHDP 
V---AP - -DP 



ANGQYGYSVW 
ASGQYGYTVW 
ANGQYGYSVW 
ANGQYGYSVW 
ANGQYGYSVW 
ANGQYGYSVW 
ANGYYGY SVW 
ANGQYGYSVW 
ANGYYGY SVW 
AKGQYGY SVW 
ANGYYGY SVW 
ANGYYGY SVW 
A-G-YGY -VW 



407 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYCGVG* 
SYAGVG* 
SY-GVG* 
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1 50 

SEQ ID NO 83 i 

SEQ ID NO 85 

SEQ ID NO: 75 ± . 

SEQ ID NO: 77 _ 

SEQ ID NO: 73 „ 1 

SEQ ID NO: 79 ATGAAGC CTGCGAAACT CCTCGTCTTT GTGCTCGTAG TCTCTATCCT 

SEQ ID NO 81 ATGAAGA AGTTTGTCGC CCTGTTCAT A ACCATGTTTT TCGTAGTGAG 

CLONE A ATGAGGAGAT CCGCAAGGGT TTTGGTTCTG ATTATAGCGT TTTTCCTCCT 

Consensus 

Sl 100 

SEQ ID NO 83 ATGGCTCTGG 

SEQ ID NO: 85 , ATGGCTCTGG 

SEQ.DN0 75 ATGGCTCTGG 

SEQ id NO 77 - ATGGCTCTGG 

SEQ ID NO 73 ATGGCTCTGG 

SEQ ID NO 79 CGCGGGGCTC TACGCCCAGC CCGCGGGGGC GGCCAAGTAC CTGGAGCTCG 

SEQ ID NO 81 CATGGCAGTC GTTGCACAGC CAGCTAGCGC CGCAAAGTAT TCCGAGCTCG 

CLONE A GGCGGGGATT TACTACCCCT CCACGAGTGC CGCGAAGTAC TCCGAGCTGG 

Consensus _ 



SEQ ID NO 83 
SEQ ID NO 85 
SEQ ID NO 75 
SEQ ID NO 77 
SEQ ID NO 73 
SEQ ID NO 79 

SEQ ID NO 81 
CLONE A 

Consensus 



101 

AAGAGGGCGG 
AAGAGGGCGG 
AAGAGGGCGG 
AAGAGGGCGG 
TAGAGGGCGG 
AAGAGGGCGG 
AAGAAGGCGG 
AGCAGGGCGG 
GGCGG 



GCTCATAATG 
GCTTATAATG 
GCTTATAATG 
GCTCATAATG 
GCTTATAATG 
CGTCATAATG 
CGTTATAATG 
AGTCATAATG 
- -T-ATAATG 



CAGGCCTTCT 
CAGGCATTCT 
CAGGCATTCT 
CAGGCCTTCT 
CAGGCCTTCT 
CAGGOGTTCT 
CAGGCCTTCT 
CAGGCCTTCT 
CAGGC-TTCT 



ACTGGGATGT 
ATTGGGACGT 
ACTGGGACGT 
ACTGGGACGT 
ACTGGGACGT 
ACTGGGACGT 
ACTGGGACGT 
ACTGGGACGT 
A-TGGGA-GT 



ISO 

TCCTGGAGGA 
CCCAGGTGGA 
CCCCATGGGA 
CCCCATGGGA 
CCCAGGTGGA 
GCCTTCAGGA 
CCCAGGTGGA 
TCCGGAGGGA 
-CC GGA 



SEQ ID NO 83 

SEQ ID NO 85 
SEQ ID NO 75 

SEQ ID NO 77 

SEQ ID NO 73 

SEQ ID NO: 79 

SEQ ID NO: 81 

CLONE A 

Consensus 



151 

GGAATCTGGT 
GGAATCTGGT 
GGAATCTGGT 
GGAATCTGGT 
GGAATCTGGT 
GGAATATGGT 
GGAATCTGGT 
GGAATCTGGT 



GGGACACAAT 
GGGACACCAT 
GGGACACG AT 
GGGACACCAT 
GGGACACCAT 
GGGACACAAT 
GGGACACCAT 
GGGACACAAT. 

-AT 



AGCTCAAAAG 
AGCCCAGAAG 
AGCCCAGAAG 
AGCCCAGAAG 
AGCCCAGAAG 
ACGGCAGAAG 
CAGGAGCAAG 
ACGGCAGAAG 
-AAG 



ATACCCGAAT 
ATACCCGAAT 
ATACCCGACT 
ATACCCGACT 
ATACCCGACT 
ATACCGGAGT 
ATACCGGAGT 
ATCCCTGAAT 
AT-CC-GA-f 



200 

GGGCAAGTGC 
GGGCAAGTGC 
GGGCAAGCGC 
GGGCAAGOGC 
GGGCGAGCGC 
GGTACGATGC 
GGTACGAGGC 
GGTACGATGC 

, ■ ' * ■ • » 



SEQ ID NO 63 
SEQ ID NO 85 
SEQ ID NO 75 
SEQ ID NO 77 
SEQ ID NO 73 
SEQ ID NO 79 
SEQ ID NO 81 
CLONE A 

Consen sus 



201 

AGGAATCTCA 
AGGAATCTCA 
CGGGATTTCG 
CGGGATTTCG 
CGGGATTTCG 
CGGAATCTCC 
GGGAATA TCC 
AGGCATA TCC 
-GG-AT-TC- 



GCGATATGGA 
GCGATATGGA 
GCGATATGGA 
GCGATATGGA 
GCAATATGGA 
GCAATATGGA 
GCCATTTGGA 
GCCATCTGGA 
GC-AT-TGGA 



TTCCACCAG C 
TTCCACCAGC 
TTCCCCCCGC 
TCCCTCCCG C 
TTCCTCCCGC 
TTCCCCCGGC 
TTCCGCCAGC 
T ACCCCOGG C 
T-CC-CC-GC 



GAGTAAGGGC 
GAGTAAGGGA 
GAGCAAGGGT 
GAGCAAGGGT 
GAGTAAGGGC 
GACCAAGGGC 
CAGCAAGGGG 
GAGCAAGGGC 
-AG-AAGGC- 



250 

ATGAGCGGTG 
ATGAGCGGTG 
ATGAGCGGCG 
ATGAGCGGCG 
ATGAGCGGCG 
ATGGGCGGCG 
ATGAGCGGCG 
ATGGGCGGGG 
ATG -GCGG-G 
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SEQ ID NO: 83 
SEQ ID NO: 85 
SEQ ID NO. 7$ 
SEQ ID NO: 77 
SEQ ID NO: 73 
SEQ ID NO: 79 
SEQ ID NO: 81 
CLONE A 

Con sen sus 



251 

GTTATTC CAT 
GTTATTC CAT 
GCTATTC GAT 
GCTATTC GAT 
GCTATTC GAT 
CCTATTC GAT 
GTTACTC GAT 
CCTACTC GAT 
--TA-TC-AT 



GGGCTACGAT 
GGGCTACG AT 
GGGCTACGAC 
GGGCTACG AC 
GGGCTACGAC 
GGGCTACG AC 
GGGCTACGAT 
GGGCTACG AC 
GGGCTACG A - 



CCCTACGATT 
CCCTACGATT 
CCCTACGATT 
CCCTACGATT 
CCCTACGATT 
CCCTACGACT 
CCCTACGATT 
CCCTACGATT 
CCCTACGA- T 



TCTTTGACCT 
TCTTTGACCT 
ATTTTGACCT 
ATTTTGACCT 
TCTTCGACCT 
TCTTTGACCT 
TCTTTGACCT 
ACTTCGATCT 
- -TT-GA-CT 



300 

CGGCGAGTAC 
CGGCGAGTAC 
CGGTGAGTAC 
CGGTGAGTAC 
CGGTGAGTAC 
CGGTGAGTAC 
CGGCGAGTAC 
GGGCGAGTTT 
-GG-GAGT- - 



SEQ ID NO 83 
SEQ ID NO. 85 
SEQ ID NO. 75 
SEQ ID NO: 77 

seq ed wan 

SEQ ID NO. 79 
SEQ (D NO: 81 
CLONE A 

Con sen sus 



301 

TATCAGAAGG 
TATCAGAAGG 
TACCAGAAGG 
TACCAGA AGO 
TACCAGAAGG 
GACCAGAAGG 
AACCAGAAGG 
TACCAGAAGG 
-A-CAGA AGG 



GGACAGTTGA 
GGACAGTTGA 
GAACGGTGGA 
GAACGGTG G A 
GAAGCGTTGA 
GAACGGTAGA 
GAACCATCGA 
GAACCGTTGA 
G-A T-GA 



GACGCGCTT C 
GACGCGCTTC 
AACAAGATTC 
AACGAGGTTC 
GACCCGCTTC 
GACGCGCTT T 
AACGCGCTTT 
GACCCGCTTC 
-AC--G-TT- 



GGCTCAAAGG 
GGCTCAAAGG 
GGCTCAAAGC 
GGCTCAAAGC 
GGATCAAAAG 
GGCTCCAAGC 
GGCTCTAAAC 
GGCTCCAAGG 
GG-TC-AA-- 



350 

AAGAACTGGT 
AAGAACTGGT 
AGGAGCTCAT 
AGGAGCTCAT 
AGGAGCTTGT 
AGGAGCTCGT 
AGGAGCTCAT 
AAGAGCTCGT 
ArGA-CT--T 



SEQ ID NO: 83 
SEQ ID NO. 85 
SEQ ID NO. 75 
SEQ ID NO: 77 

SEQ ID NO: 73 

SEQ ID NO: 79 

SEQ ID NO: 8! 
CLONE A 

Consen sus 



351 

GAACATG ATA 
GAACATG ATA 
AAACATG ATA 
AAACATG ATA 
GAACATG ATA 
GAACATG ATA 
CAATATG ATA 
CAACATG ATC 
-AA-ATGAT- 



AACACCGCAC 
AACACCGCAC 
AACACCGCCC 
AACACCGCCC 
AACACCGCCC 
AACACCGCCC 
AACACGGC CC 
TCCACGGCCC 
- -CAC-GC -C 



ACTCCTACG G 
ACTCCTACGG 
ACGCCTATGG 
ACGCCTATGG 
ATGCTCACA A 
ACGCCTACGG 
ATGCCTACG G 
ACCAGTAOG G 
A A 



CATAAAGGTG 
CATAAAGGTG 
CATGAAGGTA 
CATGAAGGTA 
CATGAAGGTC 
CATCAAGGTC 
CATAAAGGTC 
CATCAAGGTT 
CAT-AAGGT- 



400 

ATAGCAGACA 
ATAGCGGACA 
ATAGCCGATA 
ATAGCCGATA 
ATAGCGGACA 
ATCGCAGACA 
ATAGCGGACA 
ATAGCGGACA 
AT-GC-GA-A 



SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO: 75 

SEQ ID NO: 77 
SEQ ID NO: 73 

SEQ ID NO: 79 
SEQ ID NO: 81 
CLONE A 

* 

Consen sus 



SEQ ID NO: 83 
SEQ ID NO 85 
SEQ ID NO. 7$ 

SEQ ID NO: 77 
SEQ ID NO 73 
SEQ ID NO: 79 

SEQ ID NO 81 
CLONE A 

Consensus 



401 

TAGTCATAAA 
TAGTCAT AAA 
TAGTCAT CAA 
TAGTCAT CAA 
TAGTCAT CAA 
TAGTAAT CAA 
TCGTCATAAA 
TAGTGATAAA 
T-GT-AT -AA 



451 

AACGACTATA 
AACGACT ATA 
AACGACTATA 
AACGACTATA 
AACAGCTACA 
AATGACTACA 
GGGGACT ACA 
GGCGACT ATA 
CTA-A 



CCACCGCGCC 
CCACCGCGCC 
CCACCGCG CC. 
CCACCGCGCC 
CCACCGCG CC 
CCACCGCGCC 
CCACCGCG CA 
CCACCGCG CA 
CCACCGCG C- 



CCTGGACAGA 
CCTGGACAGA 
CCTGGACCGA 
CCTGGACCGA 
CCTGGACCGA 
CCTGGACCGA 
CCTGGACGGA 
CCTGGACGGA 
CCTGGAC - GA 



GGTGGAGACC 
GGTGGAGGCC 
GGCGGCGATC 
GGCGGTGACC 
GGCGGCGACC 
GGAGGAGACC 
GGCGGAGACC 
GGTGGAGACC 
GG-GG-G--C 



CTTCTCAAAA 
CTTCTCAAAA 
CTTCTCGAAG 
CTTCTCAAAG 
TTTCTCGAAG 
CTTCTCGAAG 
CTTCTCAAAG 
CTTTTCTAAG 
-TT-TC-AA - 



TTGAGTGGAA 
TCGAGTGGAA 
TGGAGTGGAA 
TGGAGTGGAA 
TGGAGTGGAA 
TTGAGTGGAA 
TCGAGTGGAA 
TCGAATGGAA. 
T-GA^TGGAA 



GTCGCCTCCG 
GTCGCCTCCG 
GTCGCGTCGG 
GTCG0GTCGG 
GTCGCGTCGG 



GTGGCCTCGG 
GTCGCCTCCG. 
GT-GC-TC-G 



450 

CCCCTTCGTG 
CCCCTTCGTG 
CCCCTTCGTG 
CCCCTTCGTG 
TCCTTTCACC 
CCCCTTCGTC 
CCCGTTCGTT 
CCCATACGTC 
-CCrT-C--- 

soo 

GTAAATATAC 
GTAAATATAC 
GTAAATACAC 
GTAAATACAC 
GCAAGTACAC 
GCAAGTACAC 
GCAAATATAC 
GGAAATACAA 
G-AA-TA-A- 
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SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO: 75 
SEQ ID NO: 77 

SEQ ID NO: 73 

SEQ ID NO: 79 

SEQ ID NO 8) 
CLONE A 

Consensus 



501 

GGCCAAC TAC 
AGCCAAC TAC 
GGCCAAC TAC 
GGCCAAC TAC 
GGCCAAC TAC 
GGCCAAC TAC 
TGCCAACTAC 
GGCCCACTAC 
-GCC-ACTAC 



CTTGACTT CC 
CTTGACTTCC 
CTCGACTT CC 
CTCGACTTCC 
CTCGACTT CC 
CTCGACTT CC 
CTCGACTTCC 
ATGGACTT CC 
-T-GACTTCC 



ACCCAAACG A 
ACCCAAACG A 
ACCCGAACG A 
ACCCGAACGA 
ACCCGAACG A 
ACCCCAACGA 
ACCCCAACGA 
ATCCAAACA A 
A-CC-AAC- A 



GCTTCAGTGT 
GCTTCACTGT 
GCTCCACGCG 
GCTCCATGCG 
GCTTCACGCG 
GGTCAAGTGC 
GGTCAAGTGC 
CTACAGCACC 



550 

TGTGATGAAG 
TGTGATGAAG 
GGCGATTCCG 
GGCGATTCCG 
GGCGATTCCG 
TGCGACGAGG 
TGTGACGAGG 
TCAGACGAGG 
GA G 



SEQ ID NO: 83 
SEQ ID NO. 85 

SEQ H> NO: 75 
SEQ ID NO: 77 
SEQ ID NO: 73 
SEQ ID NO: 79 

SEQ ID NO: 81 
CLONE A 

Consensus 



551 

GTACCTTTGG 
GTACCTTTGG 
GAACATTTGG 
GAACATTTGG 
GAACATTTGG 
GCACCTTTGG 
GCACATTTGG 
GAACCTTCGG 
G-AC-TT -GG 



AGGATACCCT 
AGGATACC CT 
AGGCTATC CC 
AGGCTATCCC 
AGGCTATC CC 
AGGGTTCCCG 
AGGCTTCCCA 
TGGCTTCCCA 
-GG-T--CC- 



GATATATGT C 
G ATATATGT C 
GACATATGCC 
GACATATGC C 
GACATATGCC 
GACATAGCC C 
GACAT AGCC C 
GACATTGATC 
GA-AT C 



ACGACAAAAG 
ACGACAAAAG 
ACGACAAGAG 
ACGACAAGAG 
ACGACAAGAG 
ACGAGAAGAG 
ACGAGAAGAG 
ACCTCGTGCC 
AC --- 



600 

CTGGGACCAG 
CTGGGACCAG 
CTGGGACCAG 
CTGGGACCAG 
CTGGGACCAG 
CTGGGACCAG 
CTGGGACCAG 
CTTCAACCAG 
CT ACCAG 



SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO: 75 

SEQ ID NO: 77 
SEQ ID NO: 73 

SEQ ID NO: 79 

SEQIDNO-.8I 
CLONE A 

Consensus 



601 

TACTGGCTCT 
TACTGGCTCT 
TACTGGCTCT 
TACTGGCTCT 
CACTGGCTCT 
TACTGGCTCT 
CACTGGCTCT 
TACTGGCTCT 
-ACTGGCT-T 



GGGCGAGCAG 
GGGCGAGC AG 
GGGCCAGCCA 
GGGCCAGCCA 
GGGCCAGCAA 
GGGCGAGC AA 
GGGCGAGC GA 
GGGCGAGC AA 
GGGC-AGG - - 



CGAAAGCTAC 
CGAAAGCTAC 
GGAGAGCTAC 
GGAGAGCTAC 
CGAAAGCTAC 
CGAGAGCTAC 
TGAGAGCTAC 
CGAGAGCTA C 
-GA-AGCTAC 



GCTGCCTACC 
GCTGCCTACC 
GCGGCCTATC 
GCGGCATATC 
GCCGCCTACC 
GCCGCCTACC 
GCCGCCTACC 
GCCGCCTACC 
GC-GC-TA-C 



650 

TCAGGAGCAT 
TCAGGAGCAT 
TCAGGAGCAT 
TCAGGAGCAT 
TCCGGAGCAT 
TCAGGAGCAT 
TAAGGAGCAT 
TCAGGAGCAT 
T--GGAGCAT 



SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO; 75 

SEQ ID NO: 77 
SEQ ID NO: 7J 

SEQ ID NO: 79 

SEQ ID NO: 81 
CLONE A 

Consensus 



651 

AGGGGTTGAC 
AGGGGTTGAC 
CGGCATCGAC 
CGGCATCGAT 
CGGCATCGAC 
CGGCGTTGAC 
CGGCGTTGAT 
AGGGATCGAT 
-GG^T-GJV- 



GCCTGGCGTT 
GCCTGGTGTT 
GCCTGGCGCT 
GCCTGGCGCT 
GCCTGGCGCT 
GCATGGCGCT 
GCCTGGCGCT 

GC-TGG-G -T 



TCGACTACGT 
TCGACTACGT 
TCGACTACGT 
TCGACTACGT 
TCGACTACGT 
TCGACTACGT 
TTGACTACGT 
TTGACTACGT 
TCGACTACGT 



CAAGGGCTAC 
CAAGGGCTAC 
CAAGGGCTAT 
CAAGGGCTAT 
CAAGGGCTAC 
CAAGGGCTAC 
GAAGGGCTAC 
TAAGGGCTAC 
-AAGGGCTA- 



700 

GGAGCATGGG 
GGAGCCTGGG 
GCTCCCTGGG 
GCTCCCTGGG 
GCTCCCTGGG 
GGAGCGTGGG 
GGAGCGTGGG 



G---C- 



SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ff) NO: 75 

SEQ ID NO: 77 
SEQ ID NO: 73 

SEQ ID NO. 79 

SEQ ID NO, 81 
CLONE A 

Consensus 



701 . 

TTGTTAACGA 
TTCTTAACGA 
TCGTCAGGGA 
TCGTCAAGGA 
TCGTTAAGAA 
TCGTCAAGGA 
TCGTCAAGGA 
TCGTCAAGGA 
T-GT-A- --A 



CTGGCTCAGC 
CTGGCTCA.GC 
CTGGCTGAAC 
CTGGCTGAAC 
CTGGCTGAAC 
CTGGCTGGAC 
CTGGCTCA AC 
CTGGCTGAGT 
CTGGCT- 



TGGTGGGGAG 
TGGTGGGGAG 
TGGTGGGGAG 
TGGTGGGGAG 
CGGTGGGGCG 
TGGTGGGGAG 
TGGTGGGGCG 
CAGTGGGGCG 
--GTGGGG- G 



GCTGG<3CCGT 
GCTGGGCCGT 
GCTGGGCAGT 



GCTGGGCGGT 



GCTGGGCCGT 
GCTGGGCCGT 
GCTGGGC-GT 



ISO 

TGGAGAGTAC 
TGGAGAGTAC 
TGGAGAGTAC 
TGGAGAGTAC 
TGGAGAGTAC 
CGGGGAGTAC 
TGGCGAGTAC 
CGGCGAGTAC 
-GG-GAGTAC 



FIGURE 14C 
(cont.) 



WO 2004/091544 
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SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO: 75 

SEQ ID NO: 77 
SEQ ID NCh 73 

SEQ ID NO: 79 

SEQ ID NO: 81 

CLONE A 

Con sen sua 



SEQ ID NO. 83 
SEQ ID NO: 85 
SEQ ID NO. 75 
SEQ ID NO 77 
SEQ ID NO. 73 

SEQ ID NO 79 

SEQ ID NO 81 
CLONE A 

Cons en sus 



SEQ ID NO S3 

SEQ IP NO 85 

SEQ ID NO 75 

SEQ ID NO 77 
SEQ ID NO 73 

SEQ ID NO 79 

SEQ ID NO. 81 
CLONE A 

Consensus 



SEQ ID NO 83 

SEQ ID NO 85 

SEQ ID NO 75 
SEQ ID NO 77 

SEQ ID NO 73 

SEQ ID NO. 79 

SEQ ID NO 81 
CLONE A 

Consensus 



SEQ ID NO 83 

SEQ ID NO 85 

SEQ ID NO 75 

SEQ ID NO 77 
SEQ ID NO 73 

SEQ ID NO 79 

SEQ ID NO 81 
CLONE A 

Consensus 



751 

TGGGACACGA 
TGGGACACTA 
TGGGACA CCA 
TGGGACA CCA 
TGGGACA CCA 
TGGGACA CAA 
TGGGACA CCA 
TGGGACA CCA 
TGGGACA C- A 

801 

CAAGGTCTTT 
CAAGGTCTTT 
CAAGGTCTTT 
CAAGGTCTTT 
TAAAGTCTTC 
AAAAGTCTTC 
CAAGGTCTTC 
CAAGGTCTTC 
- AA-GTCTT- 

651 

AGACCAACAT 
ATACCAA CAT 
ACAACAACAT 
ACAACAACAT 
ACAACAACAT 
ACAAGAA CAT 
ACAAAAA CAT 
ACAAGAA CAT 
A-A--AACAT 



ACGTTGATGC 
ACGTTGATGC 
ACGTCGACGC 
ACGTCGACGC 
.ACGTCGATGC 
ACGTTGATGC 
ACGTTGATGC 
ACGTCGATGC 
ACGT-GA- GC 



GACTTCCCGC 
GACTTCCCGC 
GACTTCGCCC 



ACTCCTCAAC 
ACTCCTCAA C 
TGTTCTCAAC 
TGTTCTCAAC 
ACTCCTGAGC 
ACTGCTCAAC 
ACTCCTCAAC 
GCTCCTCAAC 
--T-CT-A- C 



TGGGCATACA 
TGGGCATACA 
TGGGCATACT 
TGGGCATACT 
TGGGCCTACG 
TGGGCCTACT 
TGGGCCTACT 
TGGGCCTACA 
TGGGC-TAC- 



GACTTCCCGC 
GACTTCCCGC 
GACTTCCCGC 
GACTTCCCGC 
GACTTC-C-C 



CCCGGGATTA 



TCTACTACA A 
TCTACTACAA 
TCTACTACA A 
TCTACTACAA 
TCTACTACAA 
TCTACTACAA 
TCTACTACAA 
TCTACTACAA 
TCTACTACAA 



GATGGACGAA 
GATGGACGAA 
GATGGACGAG 
GATGGACGAG 
GATGGACGAG 
GATGGACGCG 
GATGGATGAG 
GATGGACGAG 
GATGGA-G- - 



TCCCGCCCTG 
TCCCGCCCTG 
CCCCGCCCTC 
TCCCGCACTC 
TCCAGCGCTC 
TCCCGCCCTC 
-CC-GC-- T- 



GTGGATGCAC 
GTTTACGCCC 
GTGGACGCCC 
GTGGACGCCC 
GTGGACGCCC 
GTCGAGGCCC 
GTCTCTGCCC 
GTTTACGCCA 
GT GC- - 



TCAGATACGG 
TCAAGAATGG 
TCAGATACGG 
TCAGATACGG 
TCAAGAACGG 
TCAAGAACGG 
TTCAGAACGG 
TCCAGAACGG 
T A-GG 



600 

GCAGCGGCGC 
ACAGCGGCGC 
CGAGCGGTGC 
CGAGCGGTGC 
ACAGCGGTGC 
CGAGCGATGC 
CGAGCGGCGC 
GCAGCGGCGC 
--AGCG--GC 

850 

GCCTTCGACA 
GCCTTCGACA 
GCCTTCGATA 
GCCTTCGATA 
GCCTTCGATA 
GCCTTTGACA 
GCCTTTGACA 
GCCTTTGACA 
GCCTT-GA-A 

• 

900 

CCAGACAGTG 
CGGGACAGTG 
CCAGACAGTG 
TCAGACAGTG 
AGGCACGGTC 
GGGCACAGTC 
CCAGACTGTT 
TGAAACCGTC 
AC-GT- 



901 

GTCAGCCGCG 
GTCAGCCGCG 
GTCAGCCGCG 
GTCAGCCGCG 
GTCAGCCGCG 
GTCAGCCGCG 
GTCTCCCGGG 
GTCAGCAGGG 
GTC- -Ct GfG 



ATCCCTTCAA 
ACCCATTCAA 
ACCCGTTCAA 
ACCCGTTCAA 
ACCCGTTCAA 
ACCCGTTTAA 
ACCCGTTCAA 
ATCCCTTCAA 

A-QC-TT-M 



GGCGGTAACT 
GGCGGTAACT 
GGCTGTGACG 
GGCTGTGACG 
AGCCGTGACC 
GGCCGTAACC 
GGCCGTAACC 

odccvrfAcc 

-<3€*-<gfT-*AC - 



951 

AGATATAATC 
AGATATA ATC 
CGACATAATC 
CGACATAATC 
CAACATA ATC 
GGACATAATT 
CGATATAATC 
GAACATA ATC 
- - A- ATA AT- 



TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 
TGGAACAAGT 



ATCCGGCTTA 
ATCCGGCTTA 
ATCCAGCCTA 
ATCCAGCCT A 
ATCCGGCCT A 
ACCCGGCCTA 
ACCTTGCTT A 
ACCCTGCCT A 
A-C--GC-TA 



TTCGTTGCCA 
TTCGTTGCCA 
TTTGTAGCCA 
TTTGTAGCCA 
TTCGTTGCCA 
TTCGTTGCAA 
TTTGTAGCAA 
TTOEJTGGCTA 



TGCATTCATC 
TGCATTCATC 
CGCGTTCATC 
CGCGTTCATC 
CGCCTTCATC 
CGCCTTCATC 
TGCTTTCATC 
TGCCTTCATC 
-GC-TTCATC 



950 

ACCACGATAC 
ACCACGATAC 
ACCACGATAC 
ACCACGATAC 
ACCACGATAC 
ACCACGACAC 
ACCACGACAC 
AOCACQATAC 

1000 
CTTACCTATG 
CTTACCTATG 
CTCACCTACG 
CTCACCTACG 
CTCACCTATG 
CTCACCTACG 
CTCACCTACG 
CTGACCTACG 
CT-ACCTA-G 
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SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO: 75 

SEQ ID NO: 77 

SEQ ID NO: 7T 

SEQ ID NO: 79 

SEQ ID NO: 81 
CLONE A 

Consensus 



1001 

AGGGACA GCC 
AGGGACAGCC 
AGGGCCAGCC 
AGGGCCAGCC 
AGGGACAGCC 
AGGGCCAGCC 
AAGGCCA GCC 
AAGGTCA GCC 
A-GG-CAGCC 



TGTTATATTC 
TGTTATATTC 
GACAATATTC 
GACAATATTC 
GGCAATATTC 
GACGATATTC 
CGTCATATTT 
CGTCATCTTC 
AT-TT- 



TACCGCGACT 
TACCGCGAC T 
TACCGCGACT 
TACCGCGAC T 
TACCGCGACT 
TACCGCGACT 
TACCGCGAC T 
TACCGCGACT 
TACCGCGACT 



ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 
ACGAGGAGTG 



1050 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 
GCTCAACAAG 



SEQ ID NO: 83 

SEQ ID NO: 85 

SEQ ID NO: 75 
SEQ ID NO: 77 

SEQ ID NO: 73 

SEQ ID NO: 79 

SEQ ID NO 81 
CLONE A 

Con sen sus 



1051 

GATAAGC TT A 
GATAAGC TTA 
GACAAGC TCA 
GATAAGC TCA 
GACAGGC TCA 
GACAGGCTCA 
GACAGGTTGA 
GACAAAC TCA 
GA-A---T-A 



ACAACCTCAT 
ACAACCTC AT 
AGAACCTC AT 
AGAACCTC AT 
GGAACCTCAT 
AGAACCTC AT 
ACAACCTCAT 
ACAACCTCAT 
- -AACCTC AT 



CTGGATACAC 
CTGGATACA C 
CTGGATACAT 
CTGGATACA T 
CTGGATACAC 
CTGGATACAC 
ATGGATACAC 
ATGGATTCAC 
-TGGAT-CA - 



GATCACCTTG 
GATCACCTTG 
GACAACCTCG 
GACAACCTCG 
GACCACCTCG 
GACCACCTCG 
GACCACCTCG 
GAGCACCTGG 
GA--ACCT-G 



1100 
CTGGAGGGAG 
CTGGAGGGAG 
CCGGAGGGAG 
CCGGAGGGAG 



CCGGTGGAAG 
CAGGTGGAAG 
CAGGGGGAAG 
C-GG-GG-AG 



SEQ ID NO: 83 

SEQ ID NO. 85 

SEQ ID NO: 75 

SEQ ID NO: 77 

SEQ ID NO 73 

SEQ ID NO. 79 

SEQ ID NO: 81 
CLONE A 

Consensus 



1101 

TACTGAC ATT 
TACTGAC ATT 
CACTGACATC 
CACTGACATC 
CACAGAC ATC 
C ACCGAC ATA 
CACGAGC ATA 
CACCAAG ATC 
-AC AT- 



GTTTACTA CG 
GTTTACTACG 
GTTTACTACG 
GTTTACTACG 
ATCTACTACG 
GTCTACTACG 
GTTTACTACG 
CTCTACTA CG 
-T-TACTACG 



ACAGCGACGA 
ACAGCG ACG A 
ACAACGACGA 
ACAACGACG A 
ACAGCGACGA 
ATAACGATGA 
ACAGCGACGA 
ACGACGATGA 
A CGA-GA 



GCTTATCTTT 
GCTTATCTTT 
GCTGATATTC 
GCPGATATTC 
GCTTATCTTC 
ACTCATCTTC 
GATGATTTTC 
GCTCATCTTC 
--T-AT-TT- 



1150 
GTGAGAAACG 
GTGAGAAACG 
GTGAGAAACG 
GTGAGAAACG 
GTGAGAAACG 
GTCAGGAACG 
GTGAGGAACG 
ATGAGGGAAG 
-T-AG--A-G 



SEQ ID NO 83 
SEQ ID NO. 85 
SEQ ID NO: 75 
SEQ ID NO. 77 
SEQ ID NO: 73 
SEQ ID NO: 79 

SEQ ID NO. 81 
CLONE A 

Consensus 



SEQ ID NO: 83 
SEQ ID NO. 85 
SEQ ID NO: 75 
SEQ ID NO: 77 
SEQ ID NO: 73 

SEQ ID NO: 79 

SEQ ID NO: 81 
CLONE A 

Consensus 



1151 

GCTATGG CAC 
GCTATGG CAC 
GCTACGG AAG 
GCTACGGAAG 
GCTACGG GGA 
GCTACGG GGA 
GCTATGG AAG 
GCTACGG CGA 
GCTA-GG 



CAAACCAG GA 
CAAACCAG GA 
CAAGCCGGGA 
CAAGCCGGGA 
CAAGCCGGGA 
CAAGCCGGGG 
CAAGCCTGGC 
CAGGCCCGGG 
CA--CC-GG- 



12 Pi 

AAAGTTGGAA GGTOGOTCTA 



AAAGCCGGAA 
AAAGCCGGAA 
AAGGCCGGAA 
AAGGCCGGGA 
AAGGTTGGAA 
TGGGCGGAGA 
G- -G - -A 



GGTGGGTTTA 
GGTGGGTTTA 
GGTGGGTCTA 
GGTGGGTCTA 
GGTGGGTTTA 
GATGGGTGAA 
G-TGGGT- -A 



CTGATAACCT 
CTGATAACCT 
CTGATAACAT 
CTGATAACAT 
CTGATAACCT 
CTTATAACCT 
CTTATAACTT 
CTTATAACCT 
CT-ATAAC-T 



CGTT. . .CCA 
CGTT. . .CCA 
CGTT. . .CCG 
CGTT. . .CCG 
CGTT.. .CCG 
CGTT. . .CCG 
TGTG. . .CCG 
CGTTGGCTCA 
-GT C - 



ATATCAACCT 
ATATCAACCT 
ACATCAACCT 
ACATCAACCT 
ACATCAACCT 
ACATCAACCT 
ACATCAACCT 
ACATCAACCT 
A-ATCAACCT 



AAGTTCGCCG 



1200 
CGGCTCAAGC 
CGGCTCAAGC 
CGGCTCAAGC 
CGCCTCAAGC 



AAGTTCGCAG 
AAGTTCGCAG 
AAGTTCGCGG 
AAGTTCGCGG 
AAGTTCGCGG 
AAGTTCGC-G 



AGGCTCGAGC 
CGGCTCGAGC 
CGGTAGCGAC 
-G C 

GTTCAtGCAT 
GCTCGTGCAT 
GCTCGTGCAT 
GCTCGTGCAT 
GAGCGTGCAT 
GCGCGTGCAT 
GCTATACAAT 
G AT 
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SEQ ID NO. 83 

SEQ 10 NO: 85 

SEQ ID NO: 73 
SEQ 10 NO: 77 

SEQ ID NO: 73 
SEQ ID NO: 79 
SEQ ID NO: 81 
CLONE A 

Consensus 



1251 

CCACGAG TAC 
CCACGAGTAC 
ACACGAGTAC 
ACACGAG TAC 
ACACGAGTAC 
CCACGAGTAC 
CCACGAG TAT 
CCACGAATAC 
-CACGA- TA- 



ACCGGCAACC 
ACCGGCAG CC 
ACCGGCAA CQ 
ACCGGCAATC 
ACCGGCAACC 
ACCGGCAACC 
ACTGGTAACC 
ACCGGAAACC 
AC-GG-A- -C 



TCGGCGGTTG 
TCGGCGGTTG 
TCGGCGGCTG 
TCGGCGGCTG 



TCGGAGGCTG 
TCGGCGGCTG 
TCGG-GG-TG 



GATAGACAAG 
GATAGACAAG 
GGTGGACAAG 
GGTGGACAAG 
GATTGACAAG 
GGTGGACAAG 
GGTAGACAAG 
GGTCGACAGG 
G-T-GACA-G 



1300 
TACGTCTCCT 
TACGTCTCCT 
TGGGTGGACT 
TGGGTGGACT 
TGGGTTGACT 
TGGGTGGACT 
TACGTCTACT 
TACGTCCAGT 
T--GT T 



SEQ ID NO: 83 

SEQ ID NO. 85 

SEQ ID NO: 73 

SEQ ID NO: 77 

SEQ ID NO: 73 

SEQ ID NO: 79 

SEQ 10 NO: 81 
OjONEA 

Consensus 



1301 

CCAGCGGCTG 



CAAGCGGCTG 
CAAGCGGCTG 
CAAGCGGTCG 
CAAGCGGGTG 
CAAGCGGCTG 
ACGACGGCTG 
CGG--G 



GGTCTATCTT 
GGTCTACCTT 
GGTTTACCTC 
GGTCTACCTC 
GGTCTACCTT 
GGTGTACCTC 
GGTCTATTTC 
GGTCAAGCTT 
GGT--A--T- 



GAGGCCCCAG CCCACGACCC 
GAGGCCCCGG CCCACGACCC 
GAGGCTCCTG CCCACGACCC 
GAGGCTCCTG CCCACGACCC 
GAGGCCCCCG CCCACGACCC 



13S0 
GGCGAACGGC 
GGCCAATGGC 
GGCGAACGGC 



GAAGCTCCAG CTTACGACCC 
ACCGCTCCGC CACACGATCC 
GC-CC- - C--ACGA-CC 



GGCAAACGGC 
-GC-AA-GG- 



SEQ ID NO: 83 

SEQ ID NO. 85 

SEQIDNO: 75 
SEQ ID NO: 77 

SEQ ID NO: 73 

SEQ ID NO: 79 

SEQ ID NO. 81 
CLONE A 

Consensus 



1351 

TACTACGGCT 
CAGTATGGCT 
CAGTACGGCT 
CAGTACGGCT 
CAGTACGGCT 
TATTACG GCT 
CAGTATGGCT 
TATTACG GCT 
-A-TA-GGCT 



ACTCCGTATG 
ACTCCGTCTG 
ACTCCGTTTG 
ACTCCGTCTG 
ACTCCGTATG 
ACTCCGTC TG 
ACTCCGTGTG 
ACTCCGTCTG 
ACTC-GT- TG 



GAGCTACTGC 
GAGCTATTOC 
GAGCTATTGC 
GAGCTACTGC 
GAGCTACTGC 
GAGCTACTGC 
GAGCTATTGC 
GAGCTACGCC 
GAGCTA C 



1393 

GGGGTTGGGT GA- 
GGGGTTGGGT GA- 
GGTGTTGGGT GA- 
GGTGTTGGGT GA~ 
GGTGTTGGGT GA- 
GGGGTGGGCT GA- 
GGTGTTGGGT GA- 
GGAOTTGGAT GA- 
GG-GT-GG-T GA- 
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SEQ ID NO.: 1 

atggcaaagtattccgagctcgaagagggcgggctcataatgcaggccttctactgggacgtccccatgggaggaatctggtgggai 

agcccagaagalacccgactgggcaagcgccgggatttcggcgatatggattcccccggcgagcaagggcatgggcggcgcctattcgatg 

ggctacgacccctacgacttctttgacctcggtgagtacgaccagaagggaacggtagagacgcgctttggctccaagcaggagctcgtgaa 

catgataaacaccgcccacgcctatggcatgaaggtaatagccgatatagtcatcaaccaccgcgccggcggtgacctggagtggaacccctt 

cgtgaacgactatacctggaccgacttctcaaaggtcgcgtcgggtaaatacacggccaactacctcgacttccacccgaacgagctccatgc 

gggcgattccggaacatttggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctac 

gcggcatatctcaggagcatcggcatcgatgcctggcgcttcgacucgtcaagggctacggagcgtgggtcgtcaaggactggctggactg 

gtggggaggctgggccgtcggggagtactgggacacaaacgttgatgcactgctcaactgggcctactcgagcgatgcaaaagtcttcgactt 

cccgctctactacaagatggacgcggcctttgacaacaagaacattcccgcactcgtcgaggccctcaagaacgggggcacagtcgtcagcc 

gcgacccgtttaaggccgtaaccttcgttgcaaaccacgacaccgatataatctggaacaagtatccagcctacgcgttcatccte 

ggccagccgacaatattctaccgcgactacgaggagtggctcaacaaggataagctcaagaacctcatctggatacatgacaacc 
aggaagcactgacatcgtttactacgacaacgacgagctgatattc^ 

cctcgcctcaagwaagccggaaggtgggtttacgttccgaagttcgcaggctcgtgcatacacgagtacaccggca^ 

ggacaagtgggtggactcaagcggctgggtctacctcgagg^ 

tactgcggtgttgggtga 

SEQ ID NO.: 2 

Met Ala Lys Tyr Scr Glu Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Met 
Gly Gly He Tip Trp Asp Thr He Ala Gin Lys lie Pro Asp Tip Ala Ser Ala Gly lie Ser Ala lie Tip 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg PKe Gly Ser Lys Gin Glu Leu Val Asn 
Met lie Asn Thr Ala His Ala Tyr Gly Met Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp lie Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly lie Asp Ala Tip Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val 
Val Lys Asp Trp Leu Asp Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 

. Leu Leu Asn Trp Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Ala 
Ala Phe Asp Asn Lys Asn lie Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asm Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thy Tyr lie 

* 'Pml^^^li^ti^ AUGfy Aj&T$» Vai^r Var Pro Lys Phe AJa Gly S$rCysBe B^Glu 
Tyi thr ®fy Asn Leu 0^ % Vit A^ Lys ftp Val Asp Sfcr Sfer Gly Tip "Vd Tfi-U^^j^t 
Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 3 

atggccaagtacctggagctcgaagagggcgggctcataatgcaggccttetactgggacgtcccxatgggaggaatctggtgggacacgat 
agc^cagaagatacccgactgggcaagcgccgggatttcggcgatat^ 

ggctacgacccctacgacttcmgacctcggtgagtacgaccagaagggaacggtagagacgcgcmggctccaagcaggagctcgtgaa 
catgataaacaccgcccacgcctacggcatcaaggteatcgcagaw 

tcgtcaatgactacacctggacggacttctcgaaggtcgcttccggcaagtacacggccaattacctcgactte 

gggcgattccggaacatttggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctac 

gcggcatatctcaggagcatcggcatcgatgcctggcgcttcgacto 

ggggaggctgggcggttggagagtactgggacaccaacgtcgac 

cccitctactacaagatggatgaggcctttgacaac 

cc gttcaaggcc g£aacc ttagt&gca^ 
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agccgacjaatattctaccgcgactacgaggagtggctcaacaaggataagctcaagaacctcatctggatacatgacaacctcgccggagga 

agcactgacatcgtttactacgacaacgacgagctgatattcgtgagaaacggctacggaagcaagccgggactgataacatacatcaacctc 

gcctcaagcgaagccggaaggtgggtctacgttccgaagttcgcgggagcgtgcatccacgagtacaccggcaacctcggcggctgggtgg 

acaagtgggtggactcaagcgggtgggtgtacctcgaggcccctgcccacgacccggccaacggctattacggctactccgtctggagctatt 

gcggtgttgggtga 

SEQ ID NO.: 4 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Met 
Gly Gly lie Trp Trp Asp Thr He Ala Gin Lys He Pro Asp Trp Ala Ser Ala Gly lie Ser Ala He Trp 
lie Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser lie Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val 
Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Val Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp ne His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Ala Ser Ser Glu Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 5 

atggccaagfcctccgagctggaagagggcggcgtataat 

caggagcaagataccggagtggtacgaggcgggaatatccgccatttggattcccccggcaagcaagggcatgggcggcgcctattcgatg 

ggctacgacccctacgacttcmgacctcggtgsgtacgaccagaagggaacggtagagacgcgcmggctccaagcaggagctcgtgaa 

catgataaacaccgcccacgcctatggcatgaaggtaatagccgatatagjcatoaaccaccgcgccggcggtgacctggagtgg 

cgtgaacgactatacctggacegacttctcaaaggtcgcg^cgggtoaatacacggccaacUcctcgacttccacccgaacgagctccatgc 

gggcgattccggaacamggaggctatcccgacatatgcca^ 

gcggcautctcaggagcatcggcategatgcctggcgcttcgac 

ggggagg^gi^f^ 
coptc^ 

ccgttcaaggGCgi^^ 
cccgtcatattctaccgcgaccacgaggagte^ 
caccgacatagtctactacgataacgatgaactcatcrtc^ 
tcgagcaaggccggaaggtgggtttatgtgccgaagttcgc^^ 

gtacgtctactcaagcggctgggtctatctcgaagctccagcttacgaccctgccaacgggcagtatggctactccgtgtgga 
gtgggctga 

SEQ ID NO : 6 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Trp Asp Thr He Arg Ser Lys He Pro Glu Trp Tyr Glu Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 

Leu Gly Glu Tyr Asp Gin Lys Gly Thr VaU Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 

Met Me Asn Thir Ak Mis Ala Tyr Gly Met Lys Val He Ala Asp He Va8 He Asm His Arg Ala Gly Gly 
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Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Ash Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp lie Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Tip Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly lie Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val 
Val Lys Asp Trp Leu Asn Trp Tip Gly Gly Tip Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Val Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin TTir Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Leu Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp His Glu Glu Trp Leu Asn 
Lys Asp Arg Leu Asn Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQIDNO.:9 

atggccaagtactccgagctggaagagggcgggcteataatgcag^ 

agcccagaagatacccgactgggcaagcgccgggatttcggcgatatggattcccccggcgagcaagggcatgggcggcgcctattcgatg 
ggctacgacccctacgacttcmgacctcggtgagtacgaccagaag^ 

catgataaacacggcccatgcctacggcataaaggjcatagcggacate 

ttcgttggggactacacctggacggacttetaaaaggtggcctc 

cgggcgattccggaacatttggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccagg^ 

gcggcatatctcaggagcatcggcatcgatgcctggcg^ 

ggggaggctgggcggttggagagtactgggacaccaacgjcgac 

cxctctactacaagatggacgaggccttcgataacaacaacatt 

acccgttcaaggctgtgacgmgtagccaaccacgat 

cagccgacaatattctaccgcgactacgaggagtggc 

aagcactgacatcgtttactacgacaacgacgagctgatattcgcgagaaacggctacggaagcaagccgggactgataacatacatcaacc^ 

cgcctcaagcaaagccggaaggtgggtttacgttccgaagttcgw 

acaagtgggtggactcaagcggctgggtctacctcgaggctcc^ 

tgcggtgttgggtga 

SEQ ID NO.: 10 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Met 
Gly Gly He Tip Trp Asp Thr He Ala Gin Lys He Pro Asp Tip Ala Ser Ala Gly He Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Mpt Gly. Gly Ala Tyr Ser Mel Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 

LAW CayGto% ^GkL^-©^ -l^^^^.^-l 1 ^ QfNW Lys Gto 6lu teu V# &m 
IVfet tie Asn Thr Ato ft* Ala fyt ^ Jjfel^^ffe J&Asp life Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Tlir Tij> Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Tip Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Tip Val 
Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala 
Val Leu Asn Trp Ala tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Tip Leu Asn 
Lys Asp Lys Leu Lys Asn Leu ne Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Ala Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu lie TSrr Tyr He 
. Asn Leu Ala Ser Ser Lys Ala Gly Arg Tirp Val Tyr Vafl Piro Lys Phe Ala GJy Seir Cys His GEu 
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Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tip Val Asp Ser Ser Gly Trp Val Tyr Leu G!u Ala 
Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Ttp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 1 1 

atggccaagtacctggagctcgaggagggcgggctcataatgcaggccttctactgggacgtccccatgggaggaatctggtgggacacgat 

agcccagaagatacccgactgggcaagcgccgggatttcggcgatatggattcccccggcgagcaagggcatgggcggcgcctattcgatg 

ggctacgaeccctacgacttctttgacctcggtgagtacgaccagaagggaacggtagagaegcgctttggctccaagcaggagctcgtgaa 

catgatoaacaccgcccacgcctatggcatgaaggtaatagccgatatagtcalcaaccaccgcgccggcggtgacctggagtggaacccctt 

cgtgaacgactatacctggaccgacttctcaaaggtegcg^cgggtaaatacacggccaactacctegacttccacccgaacgagctccatgc 
gggcgattccggaacamggaggctotcccgacatatgccacgac^ 

gcggcatatctcaggagcatcggcategatgcctggcgcttcgactacgt^ 
ggggaggctgggcggttggagagtactgggacaccaacgtcgac^ 

ccctctactacaagatg^cgaggccttegataacaacaacattcccgccctggtggacgccctcagatacg^^ 

acccgttcaaggctgtgacgmgjagccaaccacgataccgatataatctggaacaagtatccagcctacgc^ 
cagccgacaatattetaccgcgartacgaggagtggcteaacM^ 

aagcacgagcatagtttactacgaeagcgacgagatgatcttcgtgaggaacggctatggaagcaagcctggccttatw^ 

ggctcgagcaaggttggaaggtgggtctecgttccgaagttcgcgggagcgtgcatccacgagtacaccggcaacctcggcggctgggtgg 

acaagtgggtggactcaagcgggtgggtg^cctcgaggcccctgcccacgacccggccaacggctattacggctactecgtctggagcto^ 
tgcggtgttggctga 

SEQ ID NO.: 12 

Met Ala Lys Tyr Leu Glu Leu GIu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Met 
Gly Gly He Trp Trp Asp Thr lie Ala Gin Lys He Pro Asp Ttp Ala Ser Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly Met Lys Val ne Ala Asp ne Val He Asn His Arg Ala Gry Gly 
Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gry Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser lie Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val 
Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Val Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys As£ Thf Utt Lys Asn Lsu Jle Tip He His Asp Asn Leu Ate GlyGtySer tlx Set He Val Tyr 

Asn Leu Gly Ser Ser Lys VilGry Arg trp Val tyr Val Pro Lys Phe Ala Gry Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gry Tip Val Asp Lys Tip Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ m NO.: 13 

atggccaagtacctggagctcgaagagggcggggtea 

acggcagaagataccggagtggtacgatgccggaatctccgcaafe^ 

ggctacgacccctacgacttemgacctegg^ 

atgataaacacggcacatgcctacggcataaaggteat 

cgttggggactacacctggacggacttetea^ 

ctgtgacgagggcacamggaggcttecca^ 
gccgcctecctaaggagcateggcgttgatgcctgg^ 

. gtggggaggctgggccgtogg^ 
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cccgctctactacaagatggatgaggcctttgacaacaaaaacattccagcgctcgtctctgcccttcagaacggccagactgttgtctcccgcg 

acccgttcaaggccgtaacctttgtagcaaaccacgacaccgatataatctggaacaagtatocagcctacgcgttcatcctcacctacgaggg 

ccagccgacaatattctaccgcgactacgaggagtggctcaacaaggataagcteaagaacctcatctggatacatgacaacctogccggag 

gaagcactgacatagtctactacgataacgatgaactcatcttcgtcaggaacggctacggggacaagccggggcttataacctacatcaacct 

aggctcgagcaaggccggaaggtgggtttatgtgccgaagttcgcgggcgcgtgcatccacgagtatactggtaacctcggaggctgggtag 

acaagtacgtctactcaagcggctgggtctatctcgaagctccagcttacgaccctgccaacgggcagtatggctactccgtgtggagctactg 
cggtgttggctga 

SEQ ID NO.: 14 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Tip Asp Val Pro Ser 
Gty Gly He Trp Tip Asp Thr He Axg Gin Lys He Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Tip Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
Gly Phe Pro Asp He Ala His Glu Lys Ser Tip Asp Gin His Tip Leu Tip Ala Ser Asp Glu Ser Tyr 
Ala Ala Tyr Leu Arg Ser He Gly Val Asp Ala Tip Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp 
Val Val Lys Asp Tip Leu Asp tip Tip Gly Gly Tip Ala Val Gly Glu Tyr Tip Asp Thi Asn Val Asp 
Ala Leu Leu Asn Tip Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp 
Glu Ala Phe Asp Ash Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Tip Asn Lys Tyr Pro 
Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu 
Asn Lys Asp Lys Leu Lys Asn Leu He Tip lie His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val 
Tyr Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr 
ne Asn Leu Gly Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His 
Glu Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Tyr Val Tyr Ser Ser Gly Tip Val Tyr Leu Glu 
Ala Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 15 

atggrcaagtactecgagctggaagagggcggg 
agcccagaagatacccgactgggcaagcgecgggatte^ 

ggetacgacccctacgacttcmgacctcggtgagtacgaecagaagggaacggtagagacgcgcmggctccaa 

catgataaacacggcccatgcctacggcataaaggtcatagcggacatcgtcataaaccaccgcgcaggcg 
ttcgttggggactacacctggacggacttctc^ 




cccgctetactacaagatggatgaggccWgacaae 
acccgttcaaggccgtaaccmgtagcaaacwcgacaccgatataamggaacaagtaw 

ccagccgacgatottctaccgcgactacgaggagtggctcaacaaggacaggctcaagaacctcate 

gaagcactgacategtttactacgacaacgacgag^ 

tcgcctcaagcaaagccggaaggtgggtttatgt^ 

acaagtac^tacteaagcggctgggtetatctcgaagc 
ggtgttgggtga 

■ 

SEQ ID NO.: 1 6 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Tip Asp Val Pro Met 

Gly Gly He Tip Tip Asp Thr He Ala Gin Lys He Pro Asp Tip Ala Ser Ala Gly He Ser Aia He Trp 

He Pro Pro Ala Ssr Lys GEy Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe. Pfes Asp 
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Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val GIu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Tip Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Tip Val 
Val Lys Asp Trp Leu Asp Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala 
Leu Leu Asn Tip Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Qly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Tip Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr lie Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Arg Leu Lys Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu ne Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr ne 
Asn Leu Ala Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Ghi 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Gly Val Gly 

SEQIDNO.:17 

atggccaagtactecgagctggaagggggcgggctcataatgcaggcctte 

agcccagaagatacccgactgggcaagcgccgggatttcggcgatatggattcccccggcgagcaagggcatgggcggcgcctattcgatg 

ggctacgacccctacgacttemgacctcggtgagtacgaccag 

catgataaacacggcccatgcctacggcataaaggtcatagc 

ttcgttggggactacacctggacggacttetcaaaggtggcctcgggc 

gctgtgacgagggcacamggaggcttcccagacatag^ 

cgccgcctacctaaggagcatcggcgttgatgcctggcgc 

ggtggggaggctgggccgfcggggagtactgggacacaa 

ttcccgctetactacaagatggacgcggccmgacaacaa 

cgcgacccgtttaaggccgtaaccttcgttgcaaaccacgacaccgaUtaatctggaacaagtatccagcctacg 

gggccagccgacaatattctaccgcgactacgaggagtggctcaac^ 

gaggaagcacgagcatagtttactacgacagcgacgagatgate 

cctcggctcgagcaaggttggaaggtgggtttacgta^ 
ggacaagtgggtggactc^gcggctgggtctacctcgaggctctt^ 

tactgcggtgttgggtga 
SEQIDNO.:l8 

Met Ala Lys Tyr Ser Glu Leu Glu Gly Giy Gly Leu He Mel Gfa Ah* Pb$ Tyr ftp A?p Val Pro Met 
Gly BaT^1$^^ % 
lie Pifcft© Att &rlLys Gfy Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Piro Tyr Asp Phe Phe Asp 
Leu Gly Ghi Tyr Asp Gin Glu Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val lie Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
Gly Phe Pro Asp He Ala His Glu Lys Ser Trp Asp Gin His Tip Leu Tip Ala Ser Asp Glu Ser Tyr 
Ala Ala Tyr Leu Arg Ser He Gly Val Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp 
Val Val Lys Asp Trp Leu Asp Trp Tip Gly Gly Tip Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp 
Ala Leu Leu Asn Trp Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp 
Ala Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He ne Trp Asn Lys Tyr Pro 
Ala Tyr Ala Phe lie Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Ty* Glu Glu Tup Leu 
Asa Lys Asp Lys Lena Lys Am tm Me Trp lie His Asp Am bm Ala Gly Gly Seir Tk Ses He Vat 
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Tyr Tyr Asp Ser Asp Glu Met lie Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr 
lie Asn Leu Gly Ser Ser Lys Val Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His 
Glu Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu 
Ala Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 19 

atggccaagtacctggagctcgaagagggcgggctcataatgcaggccttctactgggacgtccccatgggaggaatctggtgggacacgat 
agcccagaagatacccgactgggcaagcgccgggatttcggcgatatggattcctcccgcgagcaagggtatgagcggcggctattcgatgg 
gctacgacccctacgattatmgacxttggtgagtactaccagaagggaacggtggaaacgaggttcggctcaaagcag 
gataaacacggcccatgcctacggcataaaggtcatagcggaca^ 

gttggggactacacctggacggacttctcaaaggtggcctcgggcaaatatactgccaactacctcgacttccaccc 

ggcgattccggaacaWggaggctatcccgacatatgc^ 

ggcatatctcaggagcatcggcategatgcctggcgc 

gggggctgggcggttggagagtactgggacaccaacgtcgacgctgttctcaactgggcatactc^ 
ctctactacaagatggatgaggccmgacaacaaaaacattc^ 

gttcaaggccgtaacctttg^gcaaaccacgacaccgatataatttggaacaagtacccggcctacgccttcatccte 
ccgacgatattctaccgcgactacgaggagtggctcaacaaggacaggc^^ 
cactgacategmactacgacaacgacgagctgautteg^ 
ctcaagcaaagccggaaggtgggtttatgtgccgaagt^ 

agtacgtctactcaagcggctgggtcUtctcgaagctccagcttacgaccctgccaacgggcagtatggctactccgtgt^ 
tgttggctga 

SEQ ID NO.: 20 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Met 
Gly Gly He Trp Trp Asp Thr He Ala Gin Lys lie Pro Asp Trp Ala Ser Ala Gly He Ser Ala lie Tip 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Ghi Leu He Asn Met 
He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Tip Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val 
Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala Val 
Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Ghi Ala 
Phe Asp Asn Lys Asn He Pip Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg Asp 
Pro Pfce Lyaf Ala Val Tto R» V^ Ate *m$\s ^p-$r Asp lie ffe Tip Asn Lys Tyr Pro Afcfyr 

. Afe.^#r^ ' 

Asp Arg Leu ty$ Ash Leu Be Trp He His Asp His Leu Ala Gly Gly Ser thr Asp lie Val f yr t£ 
Asp Asn Asp Ghi Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He Asn 
Leu Ala Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu His 
Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val tyr Ser Ser Gly Tip Val Tyr Leu Glu Ala Pro 
Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.. 21 

atggccaagtactecgagctggaagagggcggcgttataatgcagg 
caggagcaagataccggagtggtacgaggcgggaatatecgccam 

gctacgacccctacgatgamggacctgggtgagtactaccaga 
atgataaacacggcccatgcctacggcataaaggtcatagcggacatcgtcata 

cgnggggact&cacctggacggacttctcaaaggtggccte 

gggcgatGccgj^cat^ 
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gcggtautctcaggagcatcggcatcgatgcctggcgcttcgactacgtcaagggctacggagcgtgggtcgtcaaggactggctggactg 

gtggggaggctgggccgtcggggagtactgggacacaaacgttgatgcactgctcaactgggcclactcgagcgatgcaaaagtcttcgactt 

cccgctctactacaagatggatgaggccmgacaacaaaaacattccagcgctcgtctctgcccttcagaacggccagactgttgtctcccgcg 

acccgttcaaggccgtaacctttg^gcaaaccacgacaccgatataatttggaacaagtacccggcctacgccttcatcctcacctacgaggg 

ccagccgacgatattctaccgcgactacgaggagtggctcaacaaggacaggctcaagaacctcatctggatacacgactacctcgccggtg 

gaagcactgacatcgtttactacgacaacgacgagctgatattcgtgagaaacggctacggaagcaagccgggactgataacatacatcaacc 

tcgcctcaagcaaagccggaaggtgggtttatgtgccgaagttcgcgg 

acaagtacgtctactcaagcggctgggtctatctcgaagctccagc^ 

ggtgttggctga 

SEQ ID NO.: 22 

Met Ala Lys Tyr Ser Glu Leu Glu Ghi Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Trp Asp Thr lie Arg Ser Lys lie Pro Glu Tip Tyr Glu Ala Gly He Ser Ala lie Trp 
He Pro Pro Gly Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Asp Leu Asp 
Leu Gly Glii Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Pbe Gly $er Lys Gin Glu Leu De Asn Met 
lie Ash Thr Ala His Ala Tyr Gly He Lys Val lie Ala Asp lie Val lie Asn His Arg Ala Gly Gly Asp 
Leu Glu Tip Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp He Cys His Asp Lys Ser Tip Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyt Ala Val- 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val 
Lys Asp Trp Leu Asp Trp Tip Gly Gly Tip Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Leu Leu Asn Trp Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Ash Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Ph$ Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Arg Leu Lys Asn Leu He Trp He His Asp Tyr Leu Ala Gly Gly Ser thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Ala Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

• 

SEQ ID NO.: 23 

atggccaagtactccgagctggaagagggcggcgtfetagtgra^ 
caggagcaagataccggagtggtacgaggcgggaatato 
ggcUcgacccctacgactteWgacctc^ga^ 
cat^t^e#^<p£^^ 

cgggcg^tteegg^ 

gcggcattteteaggagcateggcategatgcctggc 

gtggggaggctgggccgtcggggagtactgggacacaaacgttgatgcactgctcaactgggcctac 

cccgctctactacaagatggatgaggcctttgacaacaa 

acccgttcaaggccgtaaccfflgtagcaaaccacgacaccgate 

ccagccgacaatattataccgcgactacgaggagtggcte 
gaagcatgagcatagtttactacgacagcgacgagatgatcto 

ggctcgagcaaggttggaaggtgggtctacgttccgaagttcgcgggagcgtgcatccacgagtacarc 

acaagtgggtggactcaagcgggtgggtgtacctcgagg^ 

gcggtgttggctga 



SEQ ID NO.: 24 
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Met Ala Lys Tyr Ser Glu pm Glu Glu Gly Gty Val He Val Gift Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Tip Tip Asp Thr tie Arg Ser Lys He Pro Glu Ttp Tyr Glu Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val ne Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyf Val Lys Gly Tyr Gly Ala Trp Val 
Val Lys Asp Trp Leu Asp Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
. Leu Leu Asn Trp Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Met Ser He Val Tyr 
Tyr Asp Ser Asp Glu Met He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Vat Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

» 

SfiQ ID NO.: 25 

atggccaagtacctggagctcgaagagggcgggctcataatgcag^ 

agcccagaagatacccgactgggcaagcgccgggamcggcga 

gctacgacccctacgattatmgaccteggtgagtactaccagaagg 

gataaacaccgcccacgcctatggcatgaaggtaatagcc^ 

gaacgactatacctggaccgacttctcaaaggtegcgtegggtaa 

cgattccggaacamggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctacgc^ 

catateteaggagcatcggcatcgatgcctggcgcttcgac 

aggctgggcggttggagagtactgggacaccaacgtcgacgctgttcteaart 

tectacaagatggacgaggccttcgataacaacaacatfc^ 
gttcaaggctgtgacgtttgtagccaaccacgataccga 

cgacaatattcfeccgcgactacgaggagtggctcaactt 

accgacatagfctactacgafcacgatgaactcate 
cgagcaaggccggaaggtgggtttacgttccgaagte^ 

gtgggtggactcaagcggctgggtctacctcgaggctcctgcccacgacccggccaacggccagta 

*■ • * « » » 

■":"■*•'•' * * ' . • • • ■ ■ ' ' 

SEQlDNO: 26 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Leu He Met Gin Ala Pbe Tyr Tip Asp Val Pro Met 
Gly Gly lie Tip Tip Asp Thr lie Ala Gin Lys He Pro Asp Trp Ala Ser Ala Gty He Ser Ala lie Trp 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu ne Asn Met 
He Asn Thr Ala His Ala Tyr Gly Met Lys Val He Ala Asp He Val lie Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Tip Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Tip Leu Tip Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val 
Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Val 
Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Ph<2 Asp Pks Ala Lens Tyr Tyr Lys Met Asp Glu Ale 
Phe Asp Am Asm Asa file Pro Ala Leu Val Gly Ala Lot As§ Tyir Gly Gin Tte Val Val Ser Arg Asp 
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Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala Tyr 
Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn Lys 
Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr Tyr 
Asp Asn Asp Glu Leu He Phe Val Arg His Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr He Asn 
Leu Gly Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr 
Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro 
Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 27 

atggcaaagtattccgagctegaagagggcggcgttataatgcaggectt^ 
aggagcaagataccggagtggtacgaggcgggaatatccgccamg 

ctacgacccctacgattatmgacctcggtgagtactaccagaagggaacggtggaaacgaggttcggctcaaagca 

ataaacacggcccatgcctacggcataaaggtcatagcgga 

tggggactacacetggacggactteteawggtggccte 

cgattccggaacamggaggctatcccgacatatgccacgacaagagc 

catotctcaggagcatcggcatcgatgcctggcgcttcgactac 

aggctgggcggttggagagtactgggacaccaacgtegacgctgtto^ 

tactacaagatggacgcggcctttgacaacaagaacattcc^ 

cgtttaaggccgtaaccttcgttgcaaaccacgacaccgato^ 

ccgacaatattctaccgcgactacgaggagtggctcaacaaggataagc 

cactgacategtttactacgacaacgacgagctgatattegtg^ 

gtcaagcaaagccggaaggtgggtttacgttccgaagttcgcaggctcgtgcatacacgagtacaccggcaatctcgg^ 

agtgggtggactcaagcggctgggtctacctcgaggctcctgcccacgacccggccaacggccagtacggctactccgtctggagctact 

ggtgttgggtga 

SEQ ID NO.: 28 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val lie Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Trp Asp Thr He Arg Ser Lys lie Pro Glu Tip Tyr Glu Ala Gly He Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met 
He Asn Thr Ala His Ala Tyr Gly lie Lys Val lie Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp ne Cys His Asp Lys Ser Trp Asp Gin Tyr Tip Leu Trp Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He Gly He Asp Ala Tip Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val 
Lys Asp Trp Leu Asa $jjf <?ly G^ Tlp^|» V«l Gfef Glu %r TjipAap. WAm Val Asp Ala Vat 
Leu Asn Trp Ala-T^^^&^Ala Aijtjh* m Le£%*-:%r Lys Met AspAfe Ala 

Phe Asp Ash Lys Asn lie Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser Arg Asp 
Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp ne He Trp Asn Lys Tyr Pro Ala Tyr 
Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Ghi Glu Trp Leu Asn Lys 
Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr Tyr 
Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu ne Thr Tyr ne Asn 
Leu Ala Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr 
Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Tip Val Tyr Leu Glu Ala Pro 
Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 29 

atggccaagtacctggagctcgaagagggcgggctcataatgcaggccte 

agcccagaagatacccgactgggcaagcgccgggam 

ggciacg£cccciacg&ctotttg&ccte^ 
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catgataaacacggcccatgcctacggcataaaggtcatagcggacatcgtcataaaccaccgcgcaggcggagacctcgagtggaacccg 

ttcgttggggactacacctggacggacttctcaaaggtggtctcgggcaaatatactgccaactacctcgacttccacccgaacgagctcw 

gggcgattccggaacamggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctac 

gcggcatatctcaggagcatcggcatcgatgcctggcgcttcgactacgtcaagggctatgctccctgggtcgtcaaggactggctgaactgg^ 

ggggaggctgggcggttggagagtactgggacaccaacgtcgacgctgttctcaactgggcatactcgagcggtgccaaggtcmgactto 

ccctctectacaagatggatgaggccmgacaacaaaaacattecagcgc 

ccgttcaaggccgtaacctttgtagcaaaccacgacaccgatataatctggaacaagtaccttgcttatgccttcatcctcacctacgaaggccag 

cccgtcatattctaccgcgactacgaggagtggctcaacaaggacaggttgaacaacctcatatggatacacgaccacctcgcagggggaag 

caccgacatagtctactacgataacgatgaactcatcttcgtcaggaacggctaeggggacaagccggggcttataacctacatcaacctagg^ 

tcgagcaaggccggaaggtgggtttatgtgccgaagttcgcgggcgcg^gcatccacgagutactggtaacctc 

gtacgtctactcaagcggctgggtctatctcgaagctccagcta^ 

gttgggtga 

SEQIDNO.:30 

Met Ala Lys Tyr Leu Glu Leu Glu GIu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Met 
Gly Gly lie Trp Trp Asp Thr Val Ala Gin Lys lie Pro Asp Trp Ala Ser Ala Gly lie Ser Ala lie Trp 
ne Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met lie Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly . 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Val Ser Gly Lys- 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Jhx Phe Gly Gly 
Tyr Pro Asp lie Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly ne Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val 
Val Lys Asp Tip Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Val Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Leu Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Arg Leu Asn Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyx Gly Asp Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 



SEQIDNO.:31 




catgataaacacggcccatgcctacggwtaaaggtcatagcggacategtcataaaccaccgcgcaggcgg^ 

ttcgttggggactacawtggacggacttctcaaaggtggcctcgggcaaatatactgccaactacctcgacttc 

cgggcgattccggaacamggaggctateecgacatatgccacga^ 

gcggcautctcaggagcatcggcategatgcctggc 

tggggcggctgggccgttggcgaguctgggacaccaacgttga^ 

ccgctetactacaagatggacgaggecttegataacaaca 

gacccgtteaaggctgtgacgmgtagccaaccacgate^ 

ccagccgacaatattctaccgcgacUcgaggagtggctcaam 

gaagcacgagcatagtttactacgacagcgacgagatgatcttcgtgaggaccggctatggaagcaagcctggcctb 

cggctcgagcaaggttggaaggtgggtttatgjgccga^ 

caagtacgtctactcaagcggctgggtctatc^ 

gtgttggctga 
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SEQ ID NO.: 32 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Tip Asp Thr He Arg Ser Arg lie Pro Glu Trp Tyr Glu Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly lie Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val 
Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Set Thr Ser lie Val Tyr 
Tyr Asp Ser Asp Glu Met He Phe Val Arg Thr Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu . 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 33 

atggccaagtactccgagctggaagagggcggggtcataatgca 

acggcagaagataccggagtggtacgatgccggaatctccgcaatatgga^ 

gctacgacccctacgattatWgacctcggtgagtactaccaga^ 

gataaacacggcccatgcctacggcataaaggtcatagcggacate 

gttggggactacacctggacggacttcteaaaggtggccte 

ggcgattccggaacaWggaggctateccgacatatgccacgacaag 

ggcatatctcaggagcatcggcatcgatgcctggcgctttgacta^ 

gggcggctgggccgttggcgagtactgggacaccaacgftgatgcactccte 

gctctactacaagatggacgcggccmgacaacaagaacatte^ 

acccgtttaaggccgtaaccttcgttgcaaaccacgacacegatataatctggaccaagte 

gcccgtcatattctaccgcgactacgaggagtggctcaa^ 

caccgacatagtctactacgataacgatgaactcatcte 

tcga^aag^eg^j^ 

* 

SEQ ID NO.: 34 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gly He Trp Trp Asp Thr He Arg Gin Lys He Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met 
He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pfro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He G!y Ele Asp Ala Trp Asg Pfee Asp Tyr Val Lys Gly Ty? Gly Ala Trp Vafl Vail 
Lys Asp Trp Lea Asra Tiqp Tirp GEy Gly Trp Ala Val GSy Gto Tys Trp Asp Iter Asra Vd Asp Ala 
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Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Ah 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp fie He Trp Thr Lys Tyr Leu Ala 
Tyr Ala Phe lie Leu Thr Tyr Glu Gly Gin Pro Val lie Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Arg Leu Asn Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Asp lie Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu lie Thr Tyr He 
Asn Leu Gly Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

* 

» * 

SEQIDNO.:35 

atggccaagtactecgagctggaagagggcggcgttataatgcagg 

caggagcaagafeccggagtggtacgaggcgggaatatccgctt^ 

ggctacgacccctacgacttemgaccteggfrga 

catgataaacaccgcccacgcctacggcatcaaggtcatcgcaj^ 

tcgtcaatgactacacctggacggacttetcgaaggtcgctto 

ctgtgacgagggcacamggaggctteccagacaUgcccacgaga^ 

gccgcctacctaaggagcatcggcgttgatgcctggcgcttcga 

ggggaggctgggcggttggagagtactgggacaccaacgtcgacgctgttcte^ 

ccctctactacaagatggacgcggcctttgacaacaagaacattcc^ 

gacccgtttaaggccgtaaccttegttgcaaaccacgacacc 

ccagccgacaatattctaccgcgactocgaggagtggctcaacaaggataagcte 

gaagcaccgacatagtetactacgataacgatgaactcatcte 

aggctcgagcaaggccggaaggtgggtttacgttccgaa 

acaagtgggtggactcaagcggctgggtctacctcgaggctcctgcccacgacccggccaacggccagtacggctactccgtct 
tgcggtgttgggtga 

SEQ ID NO.: 36 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Tip Asp Thr ne Arg Ser Lys He Pro Glu Tip Tyr Glu Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp ne Val ne Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Tip Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Pbe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
OlyPhs 33$ *W t*P LwTtfc AtoS^r As^GtoSsr TV* 

Vdl Vat Lyy A^ f tp liu ASti ftp Tip Gly Gly Trp Ala Val Gly Glu tyr Trp Asp Thr Asn Val Asp 
Ala Val Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp 
Ala Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro 
Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu 
Asn Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Val Ala Gly Gly Ser Thr Asp He Val 
Tyr Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu tie Thr Tyr 
ne Asn Leu Gly Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His 
Glu Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Tip Val Asp Ser Ser Gly Trp Val Tyr Leu Glu 
Ala Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Gly Val Gly 



SEQ ID NO.: 71 

atggccaagfcaccttggagctoga&gaggg^ 
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acggcagaagataccggagtggtacgatgccggaatctccgcaatatggattcccccggcgagcaagggcatgggcggcgcctattcgatg 
ggctacgacccctacgacttctttgacctcggtgagtacgaccagaagggaacggtagagacgcgctttggctccaagcaggagctcgtgaa 
catgataaacacggcccatgcctacggcataaaggtcatagcggacatcgtcataaaccaccgcgcaggcggagacctcgagtggaacccg 
ttcgttggggactacacctggacggacttctcaaaggtagcctcgggc^ 

cgggcgattccggaacatttggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctac 
gcggcatatctcaggagcatcggcatcgatgcctggcgcttcgactacgtcaagggctatgctccctgggtcgtcaaggactggctgaactggt 
ggggaggctgggcggttggagagtactgggacaccaacgtcgacgctgttctcaactgggcatactcgagcggtgccaaggtctttgacttcg 
ccctetactacaagatggatgaggcctttgacaacaaaaacattccagcgctc^ 

ccgttcaaggccgtaaccmgtagcaaaccacgacaccgatataatctggaacaagtatccagcctacgcgttcatcctcacctacgag 

agccgacaamttctaccgcgactacgaggagtggctcaacaaggateagctcaagaacctcatctggatacatgacaacctcgccggagga 

agcactgacatcgtttactacgacaacgacgagctgatattcgtgagaaacggctacggaagcaagccgggactgataacatacatcaacctc 

gcctcaagcaaagccggaaggtgggmatgtgccgaagttcgcgggcgcgtgcatccacgagtatactggtaacctcgga 

caagtacgtctactcaagcggctgggtctatctcgaagctccag 

ggggtgggctga 
SEQ ID NO.: 72 

Met Ala Lys Tyr Leu Glu Leu GIu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gly lie Trp Tip Asp Thr He Arg Gin Lys lie Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp : 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met lie Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp lie Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp lie Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly lie Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Tip Vai 
Val Lys Asp Trp Leu Asn Tip Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Val Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe lie Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Ala Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Tyr Val Tyr Ser Ser Gly Tip Val Tyr Leu Glu Ala 

Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

* 

- 

accgttccettctggtcgtacteaccgaggtcaaagaagtogtaggggtcgtagcc 

ggaatccatatcgccgaaatcccggcgcttgtt 

gaaggcctgcatutgagcpcgccctettegagcccggaato 

gtt 

SEQ ID NO.: 50 

Val Val Tyr Asp Asp Val Arg Tyr Asp Leu Tyr Ala Val Gly Met Gly Arg Val Tyr His Val His Glu 
Leu Leu Leu Gly Ala Lys Ala Arg Leu Tyr Arg Ser Leu Leu Val Val Leu Thr Glu Val Lys Glu Val 
Val Gly Val Val Ala His Arg He Gly Ala Ala His Ala Leu Ala Arg Arg Gly Asn Pro Tyr Arg Arg 
Asn Pro Gly Ala Cys Pro Val Gly Tyr Leu Leu Gly Tyr Arg Val Pro Pro Asp Ser Ser His Gly Asp 

Val Pro Val Glu Gly Leu His Tyr Gto Pro Ala Leu Phe Gk Pro Gly He Leu Cys His Lys Leu Pro 

Pro Tfor Ser Airg Los Lys Pte Cys Pte Lena Cys GU 51© Vail 
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SEQIDNO.:51 

ATGGCCAAGTACCTGGAGCfCGAAGAGGGCGGGGTCATAATGCAGGCGTTCTACTGGO 
ACGTGCCTTCAGGAGGAATATGGTGGGACACAATACGGCAGAAGATACCGGAGTGGT 
ACGATGCCGGAATCTCCGCAATATGGATTCCCCCGGCGAGCAAGGGCATGGGCGGCGC 
CTATTCGATGGGCTACGACCCCTACGACTTCTTTGACCTCGGTGAGTACGACCAGAAG 
GGAACGGTAGAGACGCGCTTTGGCTCCAAGCAGGAGCTCGTGAACATGATAAACACC 
GCCCACGCCTATGGCATGAAGGTAATAGCCGATATAGTCATCAACCACCGCGCCGGCG 
GTGACCTGGAGTGGAACCCCTTCGTGAACGACTATACCTGGACCGACTTCTCAAAGGT 
CGCGTCGGGTAAATACACGGCCAACTACCTCGACTTCCACCCCAACGAGGTCAAGTGC 
TGTGACGAGGGCACATTTGGAGGCTTCCCAGACATAGCCCACGAGAAGAGCTGGGAC 
CAGCACTGGCTCTGGGCGAGCGATGAGAGCTACGCCGCCTACCTAAGGAGCATCGGCG 
TTGATGCCTGGCGCTTTGACTACGTGAAGGGCTACGGAGCGTGGGTCGTCAAGGACTG 
GCTCAACTGGTGGGGCGGCTGGGCCGTTGGCGAGTACTGGGACACCAACGTTGATGCA 
. CTCCTC AACTGGGCCT ACTCG AGCGGCGCCAAGGTCTTCG ACTTCCCGCTCT ACTAC AA 
GATGGATGAGGCCTTTGACAACAAAAACATTCCAGCGCTCGTCTCTGCCCTTCAGAAC 
•GGCCAGACTGTTGTCTCCCGCGACCCGTTCAAGGCCGTAACCTTTGTAGCAAACCACG 
ACACCGATATAATCTGGAACAAGTATCCAGCCTACGCGTrCATCCTCACCTACGAGGG 
CCAGCCGACAATATTCTACGGCGACTACGAGGAGTGGCTCAACAAGGATAAGCTCAAG 
AACCTCATCTGGATACATGACAACCTCGCCGGAGGAAGCACTGACATGGTTTACTACG 
ACAACGACGAGCTGATATTCGTGAGAAACGGCTACGGAAGCAAGCCGGGACTGATAA 
CATACATCAACCTCGCCTCAAGCAAAGCCGGAAGGTGGGTTTACGTTCCGAAGTTCGC 
AGGCTCGTGCATACACGAGTACACCGGCAATCTCGGCGGCTGGGTGGACAAGTGGGTG 
GACTCAAGCGGCTGGGTCTACCTCGAGGCTCCTGCCCACGACCCGGCCAACGGCCAGT 
ACGGCTACTCCGTCTGGAGCTATTGCGGTGTTGGCTGA 

SEQIDNO.:52 

MAKYI^LEEGGVIMQAjnnVDVPSGGrWDraQKIPEWYDAGISAIWlPPASKGMGGAYS 

MGYDPYDFFDLGEYTXJKGTVETRFGSKQELVNMIhrrAflAY^ 

WNPFVNDYTWTDFSKVASGKYTAhTYTl>F^ 

WASDESYAAYLRSIGVDAWRFDYVKGYGAWVVKDWLhJWWGGWAVGEYWDTNVDAL 

LKWAYSSGAKWDFPLYYKA4DEAFDhflO«PALVSALQNGQTWSIU5PFKAVTFVANHDT 

DIIWNKYPAYAFILTYEGQPTIFYRDYEEWli<IKDK^^ 

FVRNGYGSKPGLITY1NIASSKAGRWVYVPKFAGSCIHEYTC 

LEAPAHDPANGQYGYSVWSYCGVG 

acggcagaagataceggagtggjacgatgc£ggaatcta 

ggctacgacccctacgacttctttgacctcggtgagtacgaccagaagggaacggtagagacgcgcm 

catgataaacaccgcccacgcctatggcatgaaggtaatagccgatate^ 

cgtgaacgactatacctggaccgacttctcaaaggtcgcgte^ 

gggcgattccggaacamggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggc 
gcggcatatctcaggagcatcggcategatgcctggcgctttgactac 

gtggggcggctgggccgttggcgagtactgggacaccaacgttgatgcactcctcaactgggcctactcgagcggcgcca 

cccgctctactacaagatggatgaggccffigacaacaaaaacattc^ 

acccgttcaaggccgtaacctttgtagcaa^cacgacaccgatataatctggaacaagtatcca 

ccagccgacaatattctatcgcgactacgaggagtggcteaacaaggataagctcaagaacctcatctg^ 

aagcactgacatcgtttactacgacaacgacgagctgatette 

cgcctteaagraaagccggaaggtggj^cglte^ 
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acaagtgggtggactcaagcggctgggtctacctc^ 
tgcggggtggggtga 

SEQ ID NO.: 38 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gly He Trp trp Asp Thr He Arg Gin Lys lie Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Trp 
lie Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly Met Lys Val He Ala Asp He Val lie Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Ttp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly 
Tyr Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly ne Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Arg Val 
Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe lie Leu Thr Tyr Glu Gly Gin Pro Thr ne Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp ne His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr . . 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He . 
Asn Leu Ala Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val.Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 39 

atggccaagtacctggagctegaagagggcggggtcataatgcagg^ 

acggcagaagataccggag^ggtacgatgccggaatctcc 

gctecgacccctacgattatmgacctcggtgagtactaccagaagggaac 

gataaacaccgcccacgcctatggcatgaaggtaatagccgatato 

gaacgactatacctggaccgacttcteaaaggtcgcgtcgggtaaatacacggccaactaecte 

cgattccggaacatttggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccagg^ 

catatctcaggagcateggtafc^tgcet^cgc^ 

gcggctgggccgttggcgagtactgggaccccaacgttgat 

tctactacaagatggatgaggccttgacaacaaaaacanccagcgctc 

ttcaaggccgtaaccmgtagccaaccacgataccgatat^ . 
gfrcaatattetaccgpgpK?^ 

. ccga^tftg^ . ■ 

gagcaigg&ggtog^^ 

gtg^ggactcaagcgggtgggtgtacctcgaggeccetgcccacgacccggcc 
gggtgggctga 

SEQ ID NO.: 40 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gly He Trp Trp Asp Thr He Arg Gin Lys ne Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Trp 
lie Pro Pro Ala Ser Arg Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu De Asn Met 
lie Asn Thr Ala His Ala Tyr Gly Met Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Tip Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tjnr 
Pffo Asp lie Cys Bis Asp Lys S©r Top Asp Gto Tyir Tcp bm Ticp Ak Scjt G to Gta Ssir Tyir Ala Ah 
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Tyr Leu Arg Ser lie Gly lie Asp Ala Tip Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val 
Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Pro Asn Val Asp Ala Leu 
Leu Pro Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala 
Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser Arg Asp 
Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He lie Trp Asn Lys Tyr Pro Ala Tyr 
Ala Phe lie Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn Lys 
Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp lie Val Tyr Tyr 
Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr He Asn 
Leu Gly Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu Tyr 
Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tip Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro 
Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQEDNO.:41 

atggccaagtacctggagctegaagagggcggggtea^ 
acggcagaagatacxggagtggtacgatgccggaate 

gctacgacccctacgattatmgacctcggtgagtactaccagaagggaacggtggaaacgaggtt 
gataaacacggcccatgcctacggcataaaggtcatagegga 
gttggggactacacctggacggacttctcaaaggtggcctcgggcaaate^ 
ggcgattccggaacamggaggctateccgacatatgccacga 

ggcatatetcaggagcatcggcatcgatgcctggcgctttgactacgtgaagggctacggagcgtgggtcgtcaa 
gggcggctgggccgttggcj^gtactgggacaccaacgttgatgc^ 

gctctaetacaagatggacgcggccmgacaacaagaacattecc^ 

acccgtttaaggccgtaaccttcgttgcaaaccacgacaccgato 

cagccgacaatattctaccgcgactacgaggagtggctcaacaa 

aagcacgagcatagtttactacgacagcgacgagatgatcttcgtgag 

ggctcgagcaaggttggaaggtgggtttatgtgccgaagttege 

aagtacgtctacteaagcggctgggtetatctegaagctecagc^ 

gtgttgggtga 

SEQ ID NO.: 42 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val ne Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gly He Trp Trp Asp Thr He Arg Gin Lys He Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met 
lie Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val ne Asn His Arg Ala Gly Gly Asp 
Urn Ghi Trp Asn Pjro Phe Val Gly Asp T>r Thr Ttp Th* A$p Ph$ £er Lys Val Ala Ser Qly Lys Tyr 

Pro Asp lie Cys His Asp Lys Ser trp Asp Gfo i&^^Tfy&jfa G1& sWf yr Ate Ala ' ' ' 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val 
Lys Asp Tip Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Ala 
Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys lyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Tip Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Ser ne Val Tyr 
Tyr Asp Ser Asp Glu Met He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro AEa Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Gly Val Gly • 
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SEQ ID NO.: 43 

atggccaagtactccgagctggaagagggcggcgttat^ 
caggagcaagataccggagtggtacgaggcgggaatatccgccamg 

ggctacgacccctacgacttcmgacctcggtgagtacgaccagaagggaacggtagagacgcgcmggctccaagcaggagctcgtgaa 

catgataaacacggcccatgcctacggcataaaggtcatagcggacatcgtcataaaccaccgcgcaggcggagacctcgagtggaacccg 

ttcgttggggactacacctggacggacttctcaaaggtggcctcgggcaaatatactgccaactacctcgacttccaccccaacgaggt^ 

gctgtgacgagggcacatttggaggcttcccagacatagcccacgagaagiagctgggaccagcactggctctgggcgagcgatgagagcta 
cgccgcctacctaaggagcatcggcgtfgatgcctg^^ 

ggtggggaggctgggccgtcggggagtactgggacacaaacgttgatgcactgctcaactgggcctactc^ 
ttcccgctctactacaagatggatgaggcctttgacaacaaaaacattcc^ 

gacccgttcaaggccgtaaccmgtagcaaaccacgacaccgatataafc^ 
gccagccgacaatattctaccgcgactacgaggag^ggctcaacaa^ 

gaagcacgagcaUgtttactacgacagcgacgagatgatcttcgtgaggaacggctatggaagcaagcctggccttata^^ 
cggctcgagcaaggttggaaggtgggtttacgttccgaagttc^ 

acaagtgggtggactcaagcggctgggtctacctcgaggctcctgcccacgacccggccaacggccagtacggctactccgte 
tgcggtgttggctga 

SEQ ID NO.: 44 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala phe Tyr Trp Asp Val Pro Gly 
Gly Gly lie Trp Trp Asp Thr lie Arg Ser Lys lie Pro Glu Tip Tyr Glu Ala Gly lie Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp ne Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
Gly Phe Pro Asp He Ala His Glu Lys Ser Trp Asp Gin His Trp Leu Trp Ala Ser Asp Glu Ser Tyr 
Ala Ala Tyr Leu Arg Ser He Gly Val Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp 
Val Val Lys Asp Trp Leu Asp Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp 
Ala Leu Leu Asn Tip Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp 
Glu Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro 
Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu 
Asn Lys Asp Lys Leu Ly$ Asn Leu ne Trp He His Asp Asn Leu Val Gly Gly Ser Thr Ser He Val 
Tyr Tyr Asp Ser Asp Glu Met He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr 
He Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys Ue His 
Glu Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Ttp V*l A$p Ser Ser Gly T*p Vai Tyr Leu Glu 
Ala Pro Ala His A^ • 

SEQ ID NO : 45 

atggccaagtactccgacctggaagagggcggcg^ 

caggagcaagataccggagtggtacgaggcgggaatatcc^ 

ggctacgacccxtacgacttcmgacctcggtgagto 

catgataaacacggcccatgcctacggcataaaggjcatag^ 

ttcgttggggactacacctggacggacttcteaaaggtggcctcg^ 

gctgtgacgagggcacamggaggcttcccagacatagcccacgagaagagctgggaccagcactggctctgggcga 

cgccgccucctaaggagcatcggcg^atgcetggcgc 

gtggggcggctgggccgttggcgagtactgggacaccaacgttg^ 

cccgctetactacaagatggatgaggccmgacaacaaaaacattw^ 

acrcgttcaaggccgtaaccmgtagcaaacracgacac^ 

ccagccgacaatafltcteccgcgacfiaxgaggag^ 
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gaagcaccgacatagtctactacgalaacgatgaactcatcttcgtcaggaacggctacggggacaagccggggcttataacctacatcaacct 

aggctcgagcaaggccggaaggtgggtttatgtgccgaagttcgcgggcgcgtgcatccacgagtatactggtaaccteggaggctgggtag 

acaagtacgtctacteaagcggctgggtctatctcgaagctocagcttacgaccctgccaacgggcagtatggctactccgtgtggagctattgc 
88t§ttgggtga 

SEQ ID NO.: 46 

Met Ala Lys Tyr Ser Asp Uu Glu GIu Gly Gly Val lie Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Trp Asp Thr He Arg Ser Lys lie Pro Glu Trp Tyr Glu Ala Gly He Ser Ala He Trp 
lie Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Uu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Glh Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly 
Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
Gly Phe Pro Asp ne Ala His Glu Lys Ser Trp Asp Gin His Trp Leu Trp Ala Ser Asp Glu Ser Tyr 
Ala Ala Tyr Uu Arg Ser He Gly Val Asp Ala Trp Arg. Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp 
Val Val Lys Asp Trp Uu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp 
Ala Uu Uu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp 
Glu Ala Phe Asp Asn Lys Asn He Pro Ala Uu Val Ser Ala Uu Gin Asn Gly Gin Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro. 
Ala Tyr Ala Phe He Uu Thr Tyr Glu Gly Gin Pro Thr n* Phe Tyr Arg Asp Tyr Glu Glu Trp Uu 
Asn Lys Asp Lys Uu Lys Asn Uu He Tip He His Asp Asn Uu Ala Gly Gly Ser Thr Asp ne Val 
Tyr Tyr Asp Asn Asp Glu Uu He Phe Val Arg Asn Gly Tyr Gly Asjp Lys Pro Gly Uu He Thr Tyr 
He Asn Leu Gly Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His 
(jlu Tyr Thr Gly Asn Uu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Uu Glu 
Ala Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 47 

atggccaagtacaccgagctggaagagggcggcgttata^ 
caggagcaagataccggagtggtacgaggcgggaatate^^ 

ggctacgacccctacgacttemgaccteggtgagtacgaccagaagggaacggtagagac 
catgataaacaccgcccacgcctatggcatgaaggto 

cgtgaacgactatacctggaccgacttctcaaaggtcgcgtcgggtaaatacacggcca 
ctgjgacgagggcacamggaggcttcccagacatagc 

gccgcctacc^ggagcatcggcgttgatgcctggcgcmgactacgtgaagggctacggagcgtgggtcgte 
tggggcggttgggccgttggcgagtactgggacaw 

j^ccgtcftti^ 

cacgagcatagtttactacgacagcgacgagatgatcttcgtgaggaacggctatggaag^ 

cgagcaaggttggaaggtgggtttacgttccgaagttcgcaggcccgtgcatacacgagtacaccgg 

tgggtggactcaagcggctgggtctacctcgaggcto^ 

tgttgggtag 

SEQ ID NO.: 48 

Met Ala Lys Tyr Thr Glu Uu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Trp Asp Thr He Arg Ser Lys He Pro Glu Trp Tyr Glu Ala Gly He Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Uu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Uu Val Asn 

Met He Asn Thr Ala His Ala Tyr Gly Met Lys Val lie Ala Asjp le Val! EE® Asss His Arg Ala Gly Giy 

Asp Una Glu Tip Am Pro Phe Val Am Asp Tyr Tfor Tup Tkr Asp Phe Ssir Lys Vail A!s Ser Gly Lys 
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Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
Gly Phe Pro Asp He Ala His Glu Lys Ser Trp Asp Gin His Trp Leu Trp Ala Ser Asp Glu Ser Tyr 
Ala Ala Tyr Leu Arg Ser lie Gly Val Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp 
Val Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val'Asp 
Ala Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp 
Glu Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Leu 
Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu 
Asn Lys Asp Arg Leu Asn Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Ser He Val 
Tyr Tyr Asp Ser Asp Glu Met He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu lie Thr Tyr 
He Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Pro Cys He His 
Glu Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu 
Ala Pro Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 53 

atggccaagtactccgagctggaagagggcggcgttataatgcaggccttctactggg 

acgtcccaggtggaggaatctggtgggacaccatcaggagcaagataccggagtggt 

acgaggcgggaatatccgccatttggattcccccggcgagcaagggcatgggcggcg 

cctattcgatgggctacgacccctacgacttctttgacctcggtgagtacgaccagaa 

gggaacggtagagacgcgctttggctccaagcaggagctcgtgaacatgataaacac 

ggcccatgcctacggcataaaggtcatagcggacatcgtcataaaccaccgcacaggc 

ggagacctcgagtggaacccgttcgttggggactacacctggacch3acttctcaaagg 

tggcctcgggcaaatatactck:caactacctcgacttccaccccaacgaggtcaagtg 

ctgtgacgagggcacatttggaggcttcccagacatagcccacgagaagagctggga 

ccacx:actggctctgggcgagcgatgaga<jctacgccck:ctacctaaggagcatcggc 

gttgatgcctggcgcttcgactacgtcaagggctacggagcgtgggtcgtcaaggact 

ggctggactggtggggaggctgggccgtcggggagtactgggacacaaacgttgatg 

cactgctcaactck3gcctactcgagcgatgcaaaagtcttcgacttcccgctctactac 

aagatggatgaggcctttgacaacaaaaacattccacrcgctcgtctctgccctrcaga 

accjgccagactgttgtctcccgcgacccgttcaaggccgtaaccntgtagcaaacca 

cgacaccgatataaTctggaacaagtatccagcctacgcgttcatcctcacctacgag 

ggccagccgacaatattctaccgcgactacgaggagtggctcaacaaggataagctca 

agaacctcatctggatacatgacaacctcgccggaggaagcactgacatcgtttacta 

cgacaacgacgagctgatattcgtgagaaacggctacggaagcaagccgggactgat 

aacatacatcaacctcgcctcaagcaaagccggaaggtgggtctacgttccgaagttc 
gcgggagcgtgcatc^ 

ATTACGGCf ACfrCCG^^ 
SEQ ID NO.: 54 

MAKYSELEEGGVIMQAFYWDVPGGGIWWDTmSKIPEWYEAGISAIWffPASKGMGGAYS 

MGYDPYDFFDLGEYDQKGT\^TRFGSKQELVNMHTTAHAYGIKVIADiVINHRTGGDLEW 

NPFTGDYTWTDFSKVASGKYTANYLDFHPhnjVKCC 

ASDESYAAYLRSIGVDAWTUT3YVKGYGAWVVKDWLDWWGGWA 

NWAYSSDAKVTOFPLYYKMDEAFDNKNIPALVSALQNG^ 

IWNKYPAYAFILTYEGQPTIFYRDYEEWLNKDKL^ 

VRNGYGSKl>GLiTYI>^SSKAGRWYYWKFAGA 
LEAPAHDPANGYYGYSVWSYCGVG 

SEQ ID NO.: 55 
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ATGGCCAAGTACCTGGAGCTCGAGGAGGGCGGGGTCATAATGCAGGCGTTCTACTGGG 
ACGTGCCTTCAGGAGGAATATGGTGGGACACAATACGGCAGAAGATACCGGAGTGGT 
ACGATGCCGGAATCTCCGCAATATGGATTCCCCCGGCGAGCAAGGGCATGGGCGGCGC 
CTATTCGATGGGCTACGACCCCTACGACTTCTTTGACCTCGGTGAGTACGACCAGAAG 
. GGAACGGTAGAGACGCGCTTTGGCTCCAAGCAGGAGCTCGTGAACATGATAAACACC 
GCCCACGCCTATGGCATGAAGGTAATAGCCGATATAGTCATCAACCACCGCGCCGGCG 
GTGACCTGGAGTGGAACCCCTTCGTGAACGACTATACCTGGACCGACTTCTCAAAGGT 

cgcgtcgGgtaaatacacggccaactacctcgacttccacccgaacgagctccatgcg 

GGCGATTCCGGAACATTTGGAGGCTATCCCGACATATGCCACGACAAGAGCTGGGACC 

AGTACTGGCTCTGGGCCAGCCAGGAGAGCTACGCGGCATATCTCAGGAGCATCGGGAT 

CGATGCCTGGCGCTTTGACTACGTGAAGGGCTACGGAGCGTGGGTCGTCAAGGACTGG 

CTCAACTGGTGGGGCGGCTGGGCCGTTGGCGAGTACTGGGACACCAACGTTGATGCAC 

TCCTCAACTGGGCCTACTCGAGCGGCGCCAAGGTCTTCGACrrCCCGCTCTACTACAAG 

ATGGATGAGGCCTTTGACAACAAAAACATTCCAGCGCTCGTCTCTGCCCTTCAGAACG 

GGGAGACTGTTGTCTCCCGCGACCCGTTCAAGGCCGTAACCTTTGTAGCAAACCACGA 

CACCGATATAATCTGGAACAAGTACCTTXXnTATGCmCATCCTCACGTACGAAGGCC 

AGCCCGTCATATTCTACCGCGACTACGAGGAGTGGCTCAACAAGGACAGGTTGAACAA 

CCTCATATGGATACACGACCACCTCGCAGGTGGAAGCACGAGCATAGTTTACTACGAC 

AGCGACGAGAtGATCTTCGTGAGGAACGGCTATGGAAGCAAGCCTGGCCTTATAACTT 

ACATCAACCTCGCK^TCGAGCAAGGTTGGAAGGTGGGTTTACGTTCCGAAGTTCGCAGG 

CTCGTGCATACACGAGTACACCGGCAATCTCGGCGGCTGGGTGGACAAGTGGGTGGAC 

TCAAGCGGCTGGGTCTACCTCGAGGCTCCTGCCCACGACCGGGCCAACGGCCAGTACG 

GCTACTCCGTCTGGAGCTATTGCGGTGTTGGCTGA 

SEQ ID NO.: 56 

makylel£eggvimqafywt3vpsggrwwdtirqkipewydagisaiwippaskgmggays 
mgydpydftdlgeydqkgtvetrfgskqelvnminta^ 
wwfvndytwtdfskvasgkytanyldfhpnelhagdsgtfggypdichdkswixjywl 
wasqesyaaylrsigidawiifdyvkgygawvvkdwtjw 
hwayssgakvfdfplyykmdeafdnknipalvsalqn^ 
iiwt^ylayafiltyegqpvify1u)yeewu»ikdrlnnliw1h 
. vrngygskpgutyihn.gsskvgrwvyvtkfagsciheytgnlggwan3kwvdssgwvyl 
eapahdpangqygysvwsycgvg 



SEQ ID NO.: 57 




CtATtCGATGGGCrAGGACCCCrACGAmTTTTGACCTCGGTGAGTACTACCAGAAGG 

GAACGGTGGAAACGAGGTTCGGCTCAAAGCAGGAGCTCATAAAGATGATAAACACCG. 

CCCACGCCtACGGCATCAAGGTCATCGCAGACATAGTAATCAACCACCGCGCCGGAGG 

AGACCTTGAGTGGAACCCCTTCGTCAATGACTACACCTGGACGGACTTCTCGAAGGTC 

GCTTCCGGCAAGTACACGGCCAACTACCTCGACTTCCACCCCAACGAGGTCAAGTGCT 

GTGACGAGGGCACATTTGGAGGCTTCCCAGACATAGCCCACGAGAAGAGCTGGGACC 

AGCACTGGCTCTGGGCGAGCGATGAGAGCTACGCCGCCTACCTAAGGAGCATCGGCGT 

TGATGCCTGGCGCTTTGACTACGTGAAGGGCTACGGAGCGTGGGTCGTCAAGGACTGG 

CTCAACTGGTGGGGTGGCTGGGCCGTCGGGGAGTACTGGGACACAAACGTTGATGCAC 

TGCTCAACTGGGCCTACrCGAGCGATGCAAAAGTCTTCGACTTCCCGCTCTACTACAAG 

ATGGACGAGGCCTTCGATAACAACAACATTCCCGCCCTGGTGGACGCCCTCAGATACG 

GTCAGACAGTGGTCAGCCGCGACCCGTTCAAGGCTCTGACGTTTGTAGCCAACCACGA 
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TACCGATATAATCTGGAACAAGTACCTrGCrrATGCTTTCATCCTCACCTACGAAGGCC 

AGCCCGTCATATTCTACCGCGACTACGAGGAGTGGCTCAACAAGGACAGGTTGAACAA 

CCTCATATGGATACACGACCACCTCGCAGGTGGAAGCACTGACATCGTTTACTACGAC 

AACGACGAGCTGATATTCGTGAGAAACGGCTACGGAAGCAAGCCGGGACTGATAACA 

TACATCAACCTCGCCTCAAGCAAAGCCGGAAGGTGGGTCTACGTTCCGAAGTTCGCGG 

GAGCGTGCATCCACGAGTACACCGGCAACCTCGGCGGCTGGGTGGACAAGTGGGTGG 

ACTCAAGCGGGTGGGTGTACCTCGAGGCCCCTGCCCACGACCCGGCCAACGGCTATTA 

CGGCTACTCCGTCTGGAGCTATTGCGGTGTTGGCTGA 

SEQ ID NO.: 58 

MAXYI^I^ESGVIMQAFYWDVPSGGIWWDTIRQKJPEWYDAGISAIWIPPASKGMSGGYS 
MGYDPYDYTOLGEYYQKGTVETRFGSKQEIJNMINT^ 

NPFVNDYTWTDFSKVASGKYTANYLDFHPNEVKCCDEGTFGGFPDIAHEKSWT)^ 

ASDESYAAYLRSIGVDAWRFDYVKGYGAWVVKDWU^WWGGWAVGEYWDTNVDALL 
WAYSSDAKWDFPLYYKMDEAFDNWWALVDALRYG^ 

IIVWKYLAYAnLTYEGQPVTFYRDYEEWLNKDRLNhn.IWT^ 

\OWGYGSKPGLnYlNLASSKAGRWVYVPKFAGACIHEYTGNLGGWVDKWV^ 

LEAPAHDPANGYYGYSVWSYCGVG 

■ 

SEQ ID NO.: 59 

atggccaagtacctg^gctcgaagagggcggggtcataatgcaggcgnctactgggacgtgccncaggag 

acggcagaagataccggagtggtacgatgccggaatctccgcaate^ 

gctacgacccctacgattatmgacctcggtgagfactac^ 

gataaacaccgcccacgcctacggcatcaaggtcatcgcagacatagtaatcaaccaccgcgccggaggagaccttgagtggaaccccttcg 

tcaacgactacacctggacggacttctcgaaggtcgcnccggcaagtacacggccaactacctcgactte 

gcganccggaacamggaggctatcccgacatotgccacgacaagagctgggaccagtactggcto 

gcatatctcaggagcatcggcatcgatgcctggcgctt^ 

gaggctgggcggttggagagtactgggacaccaacgtcgacgctgttcte^ 

ctactacaagatggacgaggccttcgataaicaacaaca^ 

cgttcaaggctgtgacgmgtagccaaccacgateccgatataam 

ccgacgatattctaccgcgacUcgaggagtggctcaac^ 

cactgacatcgtttactaegacaacgaegagetgatattc^ 

gtcaagcaaagccggaaggtgggtttatgtgccgaagtt^^ 

agucgtctactcaagcggctgggtctatctcgaagctccagcttacgaccctgccaacgggcagtatggc 
gttgggtga 

* ■ • 

Met Ala Lys Tyf Leu Glu Leu Glu Glu Gly Gly Val lie Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gly He Trp f rp Asp thr lie Arg Gin Lys lie Pro Glu Trp Tyr Asp Ala Gly lie Ser Ala lie Trp 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met 
He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp ne Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Trp Hit Asp Phe Ser Lys Val Ala Ser-Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp He Cys His Asp Lys Ser Tip Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val 
Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Val 
Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu Ala 
Phs Asp Asn Asn Asn He Pro. Ate Leu Val Asp Ala Leu Arg Tyr Gly Gto Thr VaJ Val Ser Arg Asp 
Pro Phe Lys Ala Val Thsr Fm Val Ala Ashb Has Asp Tfcr Asp Ik Me Tsp Asm Lys Tyir ?m Ala Tyr 
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Ala Phe He Leu Thr Tyr GIu Gly Gin Pro Thr lie Phe Tyr Arg Asp Tyr Glu Glu Tip Leu Asn Lys 
Asp Arg Leu Lys Asn Leu He Tip lie His Asp His Leu Ala Gly Gly Ser Thr Asp He Val Tyr Tyr 
Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu lie Thr Tyr lie Asn 
Leu Ala Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ala Cys lie His Glu Tyr 
Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro 
Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 61 

atggccaagtactccgagctgaaaaagggcggggtcataatgcaggcgttctactgggacgtgccttcaggaggaatatgg^^ 

acggcagaagataccggagtggtacgaggcgggaatatecgccamggattcetcccgcgageaagggtatgagcggc 

gctacgacccctacgattatmgacctcggtgagtacUccagaagggaacggtggaaacgaggttcggctcaaagcaggagctcataaacat 
gataaacaccgcccacgcctacggcateaaggteategcagaca^ 

tcaatgactacacctggacggacttetegaaggttgcttccggc 

gcgattcsggaacamggaggctatcecgacatatgccacgac^ 

gcatoteteaggagcateggcatcgatgcctggcgcttegMtac^ 

gggaggctgggccgtcggggagtactgggacacaaacgttgatgcactgc^ 

gctcfectacaagatggatgaggcctttgacaacaaaaacatte^ 

cgtteaaggccgtaaccmgtagcaaaccatgacMcgatataate^ 

ccgacaatattctaccgcgactacgaggagtggcteaacaag^ 

caccgacatagtetactacgataacgatgaacteatcttcgtcaggaacggctacgggpcaagccggggcttataacctacateaaTC 

tcgagcaaggccggaaggtgggtctacgttecgaagttcgcgggagcgtgcatccacgagtocaccggcaac 

agtgggtggacteaagcgggtgggtgtacctcgaggcccctgcc^ 

ggggtgggctga 

SEQ ID NO.: 62 

Met Ala Lys Tyr Ser Glu Leu Lys Lys Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Ser * 
Gly Gly lie Tip Tip Asp Thr He Arg Gin Lys He Pro Glu Tip Tyr Glu Ala Gly ne Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met 
He Asn Thr Ala His Ala Tyr Gly lie Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Tip Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
thr Ala Asn Tyr Leu Asn Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Tip Val Val 
Lys Asp Trp Leu Asp Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala 
Leu Leu Asn Tip Ala TyrSe? Ser Asp Ala Lys Val Phe Asp EhePro Leu Tyr Tyr Lys Met Asp Gin 
Ala -m ^AajMftpfcS* Asn?e|fc^ Val ValSerig 

Asp Pro Phe Lys Ala Val Thr Phe Val Ala Ash His Asp Thr Asp He lie Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Glh Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Tip He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr 
Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Lys Trp Val Asp Ser Ser Giy Tip Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 63 

atggccaagtacctggagctcgaagagggcggggtcataatgcaggcgttctactgggacgtg^ 

acggcagaagataccggagtggtacgatgccggaatctccgcaatatggattcccccggcgagcaagggcatgggcggcgccto 
ggctacgacxcctac^cttcmgacxteggtg^ 

cattgat^cacggcccaigcsto 
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* 

ttcgttggggactacacctggacggacttctcaaaggtggcctcgggcaaatatactgccaactacctcgacttccaccccaacgaggtcaagt 

gctgtgacgagggcacatttggaggcttcccagacatagcccacgagaagagctgggaccagcactggctqtgggcgagcgatgagagcta 

cgccgcctacctaaggagcatcggcgttgatgcctggcgctttgactacgtgaagggctacggagcgtgggtcgtcaaggactggctcaactg 

gtggggcggctgggccgttggcgagtactgggacaccaacgttgatgcactcctcaactgggcctactcgagcggcgccaaggtcttcgactt 

cccgctctactacaagatggacgcggccmgacaacaagaacancccgcactcgtcgaggccctcaagaacgggggcacagtcgtcagcc 

gcgacccgtttaaggccgtaaccttcgttgcaaaccacgacaccgatataatctggaacaagtatccagcctacgcgttcatcctcacctacgag 

ggccagccgacaatattctaccgcgactacgaggagtggctcaacaaggataagctcaagaacctcatctggatacatgacaacctcgccgg 

aggaagcaccgacaUgtctactacgataacgatgaactcatcttcgtcaggaacggctacggggacaagccggggcttataacctacatcaa 

cctaggctggagcaaggccggaaggtgggtttatgtgccgaagttcgcgggcgcgtgcatccacgagtatactggtaacctcggaggctggg 

tagacaag^cgtctactcaagcggctgggtctatctcgaagctccagcttacgaccctgccaacgggcagtatggctactccgtgtggag^ 

ctgcggggtggggtga 

SEQ ID NO.: 64 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Tip Asp Val Pro Ser 
Gly Gly He Trp Trp Asp Thr He Arg Gin Lys He Pro Glu Tip Tyr Asp Ala Gly He Ser Ala He Trp 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp 
Leu Gly Glu tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val Asn 
Met He Asn Thr Ala His Ala Tyr Gly lie Lys Ala He Ala Asp He Val lie Asn His Arg Ala Gly Gly 
Asp Leu Glu Tip Asn Pro Phe Val Gly Asp Tyr Thr Tip Thr Asp Phe Ser Lys Val Ala Ser Gly Lys . 
Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
Gly Phe Pro Asp lie Ala His Glu Lys Ser Tip Asp Gin His Trp Leu Tip Ala Ser Asp Glu Ser Tyr 
Ala Ala Tyr Leu Arg Ser He Gly Val Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp 
Val Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Tip Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp 
Ala Leu Leu Asn Tip Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp 
Ala Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val Ser 
Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Tip Asn Lys Tyr Pro 
Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp tyr Glu Glu Trp Leu 
Asn Lys Asp Lys Leu Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val 
Tyr Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr 
He Asn Leu Gly Trp Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His 
Glu Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Trp Val Tyr Leu Glu 
Ala Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 65 

atggccaag^tccgagctg^agaaggcggcgttataatgcaggccttctactgggacgtcccaggtggaggaa 
c*g|^geaag#ae<^ 

gaacgaetatacctggaccgacttctcaa^ 

cgattccggaacamggaggctatcccgaeatatgccac^ 

catatcteaggagcateggcatcgatgcctggegctt^ 

aggctgggcggttggagagtactgggacaccaacgtcgacgctgttctcaactgggcatactcgagcggtgccaa 

tactacaagatggacgaggccttcgataacaacaacattcccgccct^ 

gttcaaggctgtgacgmgtagccaaccacgatac^ 

cgacgaUttctaccgcgactacgaggagtggctcaacaaggacaggctcaagaacctcatctggatacacgacc 

acgagcatagtttactacgacagcgacgagatgatcttcgtgaggaac^ 

gagcaaggttggaaggtgggtttacgttccgaagttcgcaggctcgt^^ 

gggtggactcaagcggctgggtctacctegaggctcctgc^ 

gttggctga 
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SEQIDNO.:66 

Met Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly 
Gly Gly He Trp Trp Gly Thr lie Arg Ser Lys He Pro Glu Tip Tyr Glu Ala Gly He Ser Ala He Tip He 
Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp Leu 
Gly Glu Tyr Tyr Gin Lys Gly Thr Vat Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met He 
Asn Thr Ala His Ala Tyr Gly Met Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Ttp Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pto Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr 
Pro Asp He Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Tip Ala Ser Gin Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val 
Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trpr Asp Thr Asn Val Asp Ala Val 
Leu Asn trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu Ala 
Phe Asp Asn Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Glii Thr Val Val Ser Arg Asp 
Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala Tyr 
Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Ghi Glu Trp Leu Asn Lys 
Asp Arg Leu Lys Asn Leu He Trp ne His Asp His Leu Ala Gly Gly Ser Thr Ser lie Val Tyr Tyr 
Asp Ser Asp Glu Met He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu ne Thr Tyr ne Asn 
Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr 
Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala Pto . 
Ala His Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQff>NO.:67 

atggccaagtocctggagctegaagagggcggggfcataa^ 

acggcagaagataccggagtggtacgatgccggaatctccgcaatatggattcctcccgcgagcaagggtatgagcggcggctattcgatgg 

gctacgacccctacgattatmgacctcggtgagtactaccagaagggaac 

gataaacacggcccatgcctecggcataaaggtcategcgg 

gttggggactaracctggacggactfctcaaaggtggcctogg 

gtgacgagggcacamggaggcttcxcagacatagcccacgaga 

ccgcctacctaaggagcatcggcgttgatgcctggcgctt^ 

ggggaggctgggccgteggggagtactg^acacaaac^gatgcactgc^ 

ccgetctactacaagatggacgaggccttcgataacaacaacattcccgccctggtggacgccctcagatacggtcagacagtg^ 

gacccgttcaaggctgtgacgtttgtagccaaccac^ 

ccagccgacaatartctaccgcgactacgaggagtggcte 

gaagcacgagcatagtttectacgacagcgacgagatgatotte 

cggctegagcaaggttggaag^ggg^ta^ 

....... ... - . .. 

■ 

SEQ ID NO.: 68 

Met Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val lie Met Gin Ala Phe Tyr Trp Asp Val Pro Ser 
Gly Gty lie Trp Tip Asp Thr lie Arg Gin Lya He Pro Glu Tip Tyr Asp Ala Gly lie Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 
Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu lie Asn Met 
lie Asn Thr Ala His Ala Tyr Gly ne Lys Val ne Ala Asp He Val ne Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly Gly 
Phe Pro Asp He Ala His Glu Lys Ser Tip Asp Gin His Trp Leu Trp Ala Ser Asp Glu Ser Tyr Ala 
Ala Tyr Leu Arg Ser He Gly Val Asp Ala Tip Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Tip Val 
Val Lys Asp Tip Leu Asp Tip Tip Gly Gly Tip Alia Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala 
Leu Leu Asn Trp AEa Tyr Ser Ser Asp Ala Lys Val Phs Asp ?hs Pro Leu Tyr Tyr Lys Med Asp Glu 
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Ala Phe Asp Asn Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg 
Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala 
Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr lie Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn 
Lys Asp Lys Leu Lys Asn Leu He Tip lie His Asp Asn Leu Ala Gly Gly Ser Thr Ser He Val Tyr 
Tyr Asp Set Asp Glu Met lie Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr He 
Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala 
Pro Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Tip Ser Tyr Cys Val Val Gly 

SEQIDNO.:73 

atggctctggaagagggcgggcttataatgcaggccttc 
acccgactgggcgagcgccgggatteggcaatatgga 
acgatttettegaccteggtgagtactaccagaagggaagcg^ 

ccatgctcacaacatgaaggtcatagcggacatagtcatcaaccaccgcgccggcggcgacctggagtggaa^ 
ctggaccgatttctcgaaggtcgcgtcgggcaagtac&cggccaa^ 

camggaggctatcccgacatatgceacgacaagagctgggaccagcactggctctgggccagcaacgaaagctacgccgcctacctcc 
agcateggcatcgacgcctggcgcttcgactacgtcaagggctacgctccctgggtcgttaagaactggctgaaccg^ 

ggttggagagtactgggacaccaacgtcgatgcactert 

atggacgaggccttcgataacaacaacaterccgcccte^ 

ccgtgaccttcgttgccaaccacgataccaacataatctgga^ 

attctaccgcgactacgaggagtggctcaacaaggacaggctcaggaacctcatctggatacacgaccacctcgCgggaggaagcacagac 

atcatctactacgacagcgacgagcttatcttc^ 

aaggccggaaggtgggtctacgttccgaagttcgc 

tgactcaagcggtcgggtctaccttgaggcccccgcc^^ 

ggtga 

SEQIDNO.:74 

Met Ala Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly Gly Gly He Trp 
Trp Asp Thr He Ala Gin Lys lie Pro Asp Tip Ala Ser Ala Gly He Ser Ala lie Trp lie Pro Pro Ala 
Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp Leu Gly Glu Tyr 
Tyr Gin Lys Gly Ser Val Glu Thr Arg Phe Gly Ser Lys Glu Glu Leu Val A$n Met He Asn Thr Ala 
His Ala His Asn Met Lys Val He Ala Asp lie Val He Asn His Aig Ala Gly Gly Asp Leu Glu Trp 
Asn Pro Phe Thr Asn Ser tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn 
Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr Pro Asp He 
Cys His Asp Lys Ser Trp Asp Gin His Trp Leu Trp Ala Ser Asn Glu Ser Tyr Ala Ala Tyr Leu Arg 
Ser He Gly Re Asp AfcTft Phe Aq?Tyr Val lys Gly Tj* Ala Pro Trp Val Val Lys ten Tip 

: Mt^'/Q^m^ m L&Vdlfci M<* VmU* TfrTyrlys Met AspGJu Ala Phe Asp 
Asn Asn Asn He Pro Ala Leu Val Asp Ala Leu Lys Asn Gly Gly Hit Val Val Ser Arg Asp Pro Phe 
Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asn He He Trp Asn Lys Tyr Pro Ala Tyr Ala Phe He 
Leu Thr Tyr Glu Gly Gin Pro Ala lie Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn Lys Asp Arg Leu 
Arg Asn Leu He Trp lie His Asp His Leu Ala Gly Gly Ser Tte Asp lie He Tyr Tyr Asp Ser Asp Glu 
Leu lie Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr Tyr He Asn Leu Gly Ser Ser 
Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr Tia Gly Asn Leu 
Gly Gly Trp He Asp Lys Trp Val Asp Ser Ser Gly Arg Val Tyr Leu Glu Ala Pro Ala His Asp Pro 
Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ ID NO.: 75 

atggctctggaagagggcgggcttataatgcaggcatt 

acccgactgggcaagcgccgggattteggcga^^ 



WO 2004/091544 PCT/US2004/007096 



FIGURE 16AA 

acgattattttgacctcggtgagtactaccagaagggaacggtggaaacaagattcggctcaaagcaggagctcataaacatgataaacaccg 

cccacgcctatggcatgaaggtaalagccgatatagtcatcaaccaccgcgccggcggcgatctggagtggaaccccttcgtgaacgactata 

cctggaccgacttctcgaaggtcgcgtcgggtaaatacacggccaactacctcgacttccacccgaacgagctccacgcgggcgattccgga 

acatttggaggctotcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctacgcggcctatctcag 

gagcatcggcatcgacgcctggcgcttcgactacgtcaagggctatgctccctggglcgtcagggactggctgaactggtggggaggctggg 

cagftggagagtactgggacaccaacgtcgacgctgttctcaactgggca'tectcgagcggtgccaaggtcmgacttcgccctcta^^ 

atggacgaggccttcgataacaacaacallcccgccctggtggacgccctcagatacggccagacagtggtcagccgcgacccgttcaaggc 
tgtgacgmgtagccaaccacgatoccgawtaatctggaacaagtatccagcc 

tclaccgcgactacgaggagtggctcaacaaggacaagctcaagaacctcatctggatacatgacaacctegccggagggagcactgacatc 

gtttactacgacaacgacgagctgatattegtgagaaacggctacggaagcaagccgggactgataacatacatcaacctc^ 

gccggaaggtgggtttacgttccgaagttcgcaggctcgtgcatacacg^ 

ctcaagcggctgggtttecctegaggctectgcccacgacccgg^ 
SEQE>NO.:76 

Met Ala Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Tip Asp Val Pro Met Gly Gly He Tip 
Tip Asp Thr He Ala Gin Lys He Pro Asp Tip Ala Ser Ala Gly He Set Ala He Tip He Pro Pro Ala 
Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp Leu Gly Glu Tyr 
Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He Asn Met ne Asn Thr Ala 
His Ala Tyr Gly Met Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp Leu Glu Trp 
Asn Pro Phe Val Asn Asp Tyr Thr Tip Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn 
Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr Pro Asp ne 
Cys His Asp Lys Ser Trp Asp Gb Tyr Tip Leu Tip Ala Ser Gin Glu Ser Tyr Ala Ala Tyr Leu Arg 
Ser He Gly lie Asp Ala Tip Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val Arg Asp Trp 
Leu Asn Tip Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Val Leu Asn Trp 
Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp Asn 
Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg Asp Pro Phe Lys 
Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala Tyr Ala Phe He 
Leu Thr Tyr Glu Gly Gin Pro Thr lie Phe Tyr Arg Asp Tyr Glu Glu Tip Leu Asn Lys Asp Lys Leu 
Lys Asn Leu He Tip He His Asp Asn Leu Ala Gly Gly Ser Thr Asp He Val Tyr Tyr Asp Asn Asp 
Glu Leu ne Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu ne Thr Tyr lie Asn Leu Gly Ser Ser 
Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr Thr Gly Asn Leu 
Gly Gly Trp Val Asp Lys Tip Val Asp Ser Ser Gly Tip Val Tyr Leu Glu Ala Pro Ala His Asp Pro 
Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQ1DN0..77 
acgatta#&^ 

cccacgcctotggcatgaaggtaatagccgatatagtcatcaaccaecgegccggeggtgacctggag^ 
cctgpccgacttctcaaaggtcgcgtcgggtaaatacacggccaactacctcgacttccaccc 

catttggaggctatcccgacatatgccacgacaagagctgggaccagtactggctctgggccagccaggagagctacgcggcatatctcagg 
agcateggcatcgatgcctggcgcttcgactacgtcaagggctatgctccrt^ 

ggttggagagtactgggacaccaacgtegacgctgttetcaactgg^ 

tggacgaggccttcgataacaacaacattcccgccctggtggacgcccteagatecggtcagacagtggtcagccgcgacccgttcaaggct 

gtgacgWgtagccaaccacgataccgacatoatctggaacaagtatccagcctacgcgttcatccteawtacgagggccagccgacaatatt 

ctaccgcgactacgaggagtggctcaacaaggataagctcaagaaccteatctggatacatgacaacctcgccggagggagcactpcatcg 
tttactacgacaacpcgagctgatattegtgagaaacggctacggaag 

ccggaaggtgggmacgttccgaagttcgcaggctcgtgcatacacgagtacaccggcaatctcggcggctgggtggacaagtgggtggac 
tcaagcggctgggtetacctcgaggctectgcc<»cgacccggccsacgg^ 
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SEQIDNO/.78 

Met Ala Leu Glu GIu Gly Gly Leu He Met Gin Ala Phe Tyr Tip Asp Val Pro Met Gly Gly lie Trp 
Trp Asp Thr He Ala Gin Lys He Pro Asp Tip Ala Ser Ala Gly ne Ser Ala He Trp He Pro Pro Ala 
Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp Leu Gly Glu Tyr 
Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Gtu Leu He Asn Met lie Asn Thr Ala 
His Ala Tyr Gly Met Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp Leu Glu Trp 
Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn 
Tyr Leu Asp Phe His Pro Asn Glu Leu His Ala Gly Asp Ser Gly Thr Phe Gly Gly Tyr Pro Asp He 
Cys His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Gin Glu Ser Tyr Ala Ala Tyr Leu Arg 
Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Ala Pro Trp Val Val Lys Asp Trp 
Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Val Leu Asn Trp 
Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Ala Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp Asn 
Asn Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg Asp Pro Phe Lys 
Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He ne Trp Asn Lys Tyr Pro Ala Tyr Ala Phe lie 
Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp 7>r Glu Glu Trp Leu Asn Lys Asp Lys Leu 
Lys Asn Leu He Trp He His Asp Asn Leu Ala Gly Gly Ser Thr Asp lie Val Tyr Tyr Asp Asn Asp 
Glu Leu He Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr Tyr lie Asn Leu Ala Ser Ser 
Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr Thr Gly Asn Leu 
Gly Gly Tip Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro Ala His Asp Pro 
Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQIDNO.:79 

atgaagcctgcgaaactcctcgtcmgtgcte 
tcgaagagggcggcgtcataatgcaggcgttctact^ 
gtggtacgatgccggaatctccgcaatatggattcccrc 
cmgacctcggtgagtacgaccagaagggaacggtagagacgcg^ 

cctacggcatcaaggtcatcgcagacatagtaatcaacc^ 
cggacttctcgaaggtcgcttccggcaagtacacggccaactacctcgac 

gagggttcccggacatagcccacgagaagagctgggaccagtactggctctgggcgagcaacgagagctacgccgcctaccte 
tcggcgttgacgcatggcgcttcgactacgtcaaggg^ 
cggggagtactgggacacaaacgttgatgcactgctcaactggg^ 
gacgcggccmgacaacaagaacattcccgcactegte 

aaccttcgttgcaaaccacgacacggacataamggaacaagtacccggcctacgccttcatcctcacxtacgaggg 

taccgcgactacgaggagtggctcaacaaggacaggctcaagaacctcato 

tctactacgataacgatgaactcatettegteaggaacggctac 

ccgggag#gg#^ 

ga ' ,.■-■■>"■/"• . . s - • - ■• • ■ • ■■ • ' - • - • • 

SEQIDNO.:80 

Met Lys Pro Ala Lys Leu Leu Val Phe Val Leu Val Val Ser ne Leu Ala Gly Leu Tyr Ala Gin Pro 
Ala Gly Ala Ala Lys Tyr Leu Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe TVr Trp Asp Val 
Pro Ser Gly Gly He Trp Trp Asp Thr He Arg Gin Lys ne Pro Glu Trp Tyr Asp Ala Gly He Ser Ala 
He Trp lie Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe 
Phe Asp Leu Gly Glu Tyr Asp Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu Val 
Asn Met He Asn Thr Ala His Ala Tyr Gly He Lys Val He Ala Asp He Val lie Asn His Arg Ala Gly 
Gly Asp Leu Glu Trp Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly 
Lys Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe 
Gly Gly Phe Pro Asp ile Ala His Glu Lys Ser Trp Asp Gto Tyir Tip. Leu Trp Ala Ser Asm Glu Ser 
Tyir Ala Ala Tyr Leu Arg Ser He Gly Val Asp Ala Tip Arg Plhe Asp Tyr Va8 Lys Gly Tyr G5y Ala 
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Trp Val Vai Lys Asp Trp Leu Asp Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val 
Asp Ala Leu Leu Asn Trp Ala Tyr Ser Ser Asp Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met 
Asp Ala Ala Phe Asp Asn Lys Asn lie Pro Ala Leu Val Glu Ala Leu Lys Asn Gly Gly Thr Val Val 
Ser Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr 
Pro Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Thr He Phe Tyr Arg Asp Tyr Glu Glu Trp 
Leu Asn Lys Asp Arg Leu Lys Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Asp He 
Val Tyr Tyr Asp Asn Asp Glu Leu He Phe Val Arg Asn Gly Tyr Gly Asp Lys Pro Gly Leu He Thr 
Tyr He Asn Leu Gly Ser Ser Lys Ala Gly Arg Tip Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He 
His Glu Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Trp Val Asp Ser Ser Gly Trp Val Tyr Leu 
Glu Ala Pro Ala His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

SEQIDNO.:81 

atgaagaagWgtcgccctgttcataaccatgttmcgtagtgag^ 
gaagaaggcggcgttataatgcaggccttctactgggacgtrc 
ggtacgaggcgggaatatecgccamggattccgc^ 
tgacctaggcgagtacaaccagaagggaaccategaaacgcgcmggcte 

cggcataaaggtcaUgcggacatcgtcataaaccaccgcgcaggcggagacctcgagtggaacccgttcgttggggactacacctggac^ 
gacttctcaaaggtggcctcgggcaaatatactgccaactacctcg^ 

gcttcccagacatagcccacgagaagagctgggaccagcactggctctgggcgagcgatgagagctacgccgcctacctaaggagcatCg . 
gcgttgatgcctggcgctttgactacgtgaagggctacggagcgtgggtcgtcaaggactggctcaactggtggggcggctgggc 
gag^ctgggacaccaacgttgatgcactcctcaactgggc^ 
aggccmgacaacaaaaacattccagcgctcgtctctgcccttcagaacggrc^ 

gtagcaaaccacgaeaccgatataatctggaacaagtaccttgcttatgctttcatcctcacctacgaaggccagcccgtcatattctaccgcgac 
tacgaggagtggcteaacaaggacaggttgaacaacctcatatggatacac^ 

cagcgacgagatgatcttcgtgaggaaeggctatggaagcaagcctggccttataacttacatcaaectcggctcgagc 

ggtttatgtgccgaagttcgcgggcgcgtgcatccacgagtatactggtaacctcggaggctgggtagacaa 

ggtctatctcgaagctccagcttacgaccctgccaacgggcagtatggctactccgtgtggagctattgcggtgrtgggtga 

SEQ ID NO.: 82 

Met Lys Lys Phe Val Ala Leu Phe He Thr Met Phe Phe Val Val Ser Met Ala Val Val Ala Gin Pro 
Ala Ser Ala Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val 
Pro Gly Gly Gly He Trp Trp Asp Thr He Arg Ser Lys lie Pro Glu Trp Tyr Glu Ala Gly He Ser Ala 
He Trp lie Pro Pro Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe 
Phe Asp Leu Gly Glu Tyr Asn Gin Lys Gly Thr He Glu Thr Arg Phe Gly Ser Lys Gin Glu Leu He 
Asn Met He Asn Thr Ala His Ala Tyr Gly lie Lys Val He Ala Asp He Val He Asn His Arg Ala Gly 
Gly Asp hen Glm Trp Asn Pro Phe Val Gly Asp Tyr Thr $fp Tfcr Asp Phe Ssar Afe S$r Gly 

. Xy**SA^ ••■ 
GV j^ ^ Al^ Gfii »i$ Trp Leii tip Ala Sir Asp <3iu Ser 

Tyr Ala Ala Tyr Leu Arg Ser He Gly Val Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala 
Trp Val Val Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val 
Asp Ala Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met 
Asp Glu Ala Phe Asp Asn Lys Asn He Pro Ala Leu Val Ser Ala Leu Gin Asn Gly Gin Thr Val Val 
Ser Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp ne He Trp Asn Lys Tyr 
Leu Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp Tyr Glu Glu Trp 
Leu Asn Lys Asp Arg Leu Asn Asn Leu lie Trp He His Asp His Leu Ala Gly Gly Ser Thr Ser He 
Val Tyr Tyr Asp Ser Asp Glu Met ne Phe Val Arg Asn Gly Tyr Gly Ser Lys Pro Gly Leu He Thr 
Tyr He Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ala Cys He 
His Glu Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Lys Tyr Val Tyr Ser Ser Gly Tip Val Tyr Leu 
Glu Ala Pro Ala Tyr Asp Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cys GEy Val Gly 
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SEQ1DN0.:83 

atggctctggaagacggcgggctcataatgcaggccttctactgggatgttcctggaggaggaatctggtgggacacaatagctcaaaa 

cccgaatgggcaagtgcaggaatctcagcgatatggattccaccagcgagtaagggcatgagcggtggttattccatgggctacgatccctac 

gatttctttgacctcggcgagtactatcagaaggggacagttgagacgcgcttcggctcaaaggaagaactggtgaacatgataaacaccgca 

cactcctacggcataaaggtgatagcagacatagtcataaaccaccgcgccggtggagaccttgagtggaaccccttcgtgaacgactatacct 

ggacagaettctcaaaagtcgcctccggtaaatatacggccaactaccttgacttccacccaaacgagcttcactgttgtgatgaaggtacctttg 

gaggataccctgatatatgtcacgacaaaagctgggaccagtactggctctgggcgagcagcgaaagctacgctgcctacctcaggagcata 

ggggttgacgcctggcgmcgactacgjcaagggctacggagcat^ 

gagtactgggacacgaacgtfgatgcactcctcaactgggcata^ 

aagccttcgacaacaccaacatcccggcatteg^ggatgcactcag 

cgttgccaaccacgatacagafctaatctggaacaagtatccggcttatgca 

tacgaggagtggctcaacaaggataagcttaacaaccteatetggatacacg^ 

cgacgagcttatctttgtgagaaacggctatggcaccaaaccaggactgat^ 

tacgrtccaaagttcgccggttcatgcatccacgagUcacc^ 

atcttgaggccccagcccacgacccggcgaacggctactacggctactccgtatggagctactgcggggttgggtga 
SEQIDN0..84 

Met Ala Leu Glu Asp Gly Gly Leu He Met Gin Ala Phe Tyr Trp Asp Val Pro Gly Gly Gly lie Trp 
Trp Asp Thr He Ala Gin Lys lie Pro Glu Trp Ala Ser Ala Gly He Ser Ala He Tip lie Pro Pro Ala . 
Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp Leu Gly Glu Tyr 
Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Glu Glu Leu Val Asn Met He Asn Thr Ala 
His SeT Tyr Gly He Lys Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Asp Leu Glu Trp Asn 
Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn Tyr 
Leu Asp Phe His Pro Asn Glu Leu His Cys Cys Asp Glu Gly Thr Phe Giy Gly Tyr Pro Asp He Cys 
His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Ser Glu Ser Tyr Ala Ala Tyr Leu Arg Ser 
lie Gly Val Asp Alai Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Tip Val Val Asn Asp Trp Leu 
Ser Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Leu Leu Asn Tip Ala 
Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp Asn Thr 
Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg Asp Pro Phe Lys Ala 
Val Thr Phe Val Ala Asn His Asp Thr Asp Ife He Trp Asn Lys Tyr Pro Ala Tyr Ala Phe He Leu 
Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp Tyr Ghi Glu Trp Leu Asn Lys Asp Lys Leu Asn 
Asn Leu He Trp He His Asp His Leu Ala Gly Gly Ser Thr Asp He Val Tyr Tyr Asp Ser Asp Glu 
Leu He Phe Val Aig Asn Gly Tyr Gly Thr Lys Pro Gly Leu He Thr Tyr He Asn Leu Gly Ser Ser 
Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr Thr Gly Asn Leu 
Gly Gly Trp He Asp Lys Tyr Val Ser Ser Ser Gly Tip Val Tyr Leu Glu Ala Pro Ala His Asp Pro 
Ala Asn Qly Tyr Tyr Gly Tyr Ser V$l Trp Ser Tyr Cys Gly Val Gly 

... . 

SE#R> ^:^S . . . 

atggctctggaagagggcgggcttataatgcaggcattc^ 

cccgaatgggcaagtgcaggaatctcagcgatatggattrcac 

gatttcmgacctcggcgagtactatcagaaggggacagttgagacgcgcttcggctcaaaggaagaactggtgaacatga 

cactcctacggcataaaggtgatagcggacatag^cataaaccaccgcgccggtggaggcctegagtggaaccccttc 

tggacagacttctcaaaagtcgcctccggtaaatatacagtt 

gaggataccctgatatatgfcacgacaaaagctgggaccagfc^ 

ggggttgacgcctggtgmcgactacgtcaagggctacggagcrt 

gagtactgggacactaacgttgatgcactectcaactgg^^ 

aagccttcgacaataccaacatccccgctttggtttacgccctcaagaatggcgggacagtggtcagcc 

cgttgccaaccacgatacagatataatctggaacaagtatccggcttatgcattcatccttaccu 

tacgaggagtggctcaacaaggataagcttaacaacctcate 

cgacgagctitate^gSgagaaacggcfc^ 
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tacgttccaaagttcgccggttcatgcatccacgagtacaccggcagcctcggcggttggatagacaagtacgtctcctccagcggctgggtct 
* accttgaggccccggcccacgacccggccaatggccagtatggctactccgtctggagctattgcggggttgggtga 

SEQ ID NO.: 86 

Met Ala Leu Glu Glu Gly Gly Leu He Met Gin Ala Phe Tyr Tip Asp Val Pro Gly Gly Gly He Trp 
Trp Asp Thr He Ala Gin Lys He Pro Glu Trp Ala Ser Ala Gly He Ser Ala He Trp lie Pro Pro Ala 
Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp Leu Gly Glu Tyr 
Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Glu Glu Leu Val Asn Met He Asn Thr Ala 
His Ser Tyr Gly He Ly& Val He Ala Asp He Val He Asn His Arg Ala Gly Gly Gly Leu Glu Trp Asn 
Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn Tyr 
Leu Asp Phe His Pro Asn Glu Leu His Cys Cys Asp Glu Gly Thr Phe Gly Gly Tyr Pro Asp He Cys 
His Asp Lys Ser Trp Asp Gin Tyr Trp Leu Trp Ala Ser Ser Glu Ser Tyr Ala Ala Tyr Leu Arg Ser 
He Gly Val Asp Ala Trp Cys Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val Asn Asp Trp Leu 
Ser Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala Leu Leu Asn Trp Ala 
Tyr Asn Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp Asn 
Thr Asn He Pro Ala Leu Val Tyr Ala Leu Lys Asn Gly Gly thr Val Val Ser Arg Asp Pro Phe Lys 
Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala Tyr Ala Phe He 
Leu Thr Tyr Glu Gly Gin Pro Val lie Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn Lys Asp Lys Leu 
. Asn Asn Leu He Trp lie His Asp His Leu Ala Gly Gly Ser Thr Asp He Val Tyr Tyr Asp Ser Asp 
Glu Leu He Phe Val Arg Asn Gly Tyr Gly Thr Lys Pro Gly Leu He Thr Tyr He Asn Leu Gly Ser 
Ser Lys Ala Gly Arg Trp Val Tyr Val Pro Lys Phe Ala Gly Ser Cys He His Glu Tyr Thr Gly Ser 
Leu Gly Gly Trp lie Asp Lys Tyr Val Ser Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro Ala His Asp 
Pro Ala Asn Gly Gin Tyr Gly Tyr Ser Val Trp Ser Tyr Cy$ Gly Val Gly 

SEQ ID NO: 87 

atgttcctgctcgcgttWgctcactgwtcgct 

gtettttgaatggtacttgccggatgatggcacgttatggacc 

gctgccgcccgcttacaaaggaacaagccgcagcgacgtaggg^ 

ccgtccgcacaaaatacggaacaaaagctcaatatettcaag 

cgaccataaaggcggcgctgacggcacggaatgggtggacgccgtcgaagtcaa 

caaatccaagcatggacgaaatttgatmcccg^ 

gacgaaagccgaaaatt^gccgcatttacaaattccgcggcate^ 

actacttaatj^tgccgaccttgatatggateatccc 

gatgggttccggcttgatgccgtcaagcatattaagptt 

tcggggaatattggagctatgacateaacaagttgcacaattac^ 

aattttetecpgs^ 

ag#ifcif8e^ 

gcgcaggpttatgcttacggaacgcaacatgattatettga 
atccgggctggccgcactgatcaccgatgggccgggaggaag 

• 

SEQ ID NO: 88 

Met Phe Leu Leu Ala Phe Leu Leu Thr Ala Ser Leu Phe Cys Pro Thr Gly Gin Pro Ala Lys Ala Ala 
Ala Pro Phe Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr 
Lys Val Ala Asn Glu Ala Asn Asn Leu Ser Ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 
Lys Gly Thr Ser Arg Ser Asp Val Gly Tyr Gly Val Tyr Asp Leu Tyr Asp Leu Gly Glu Phe Asn Gin 
Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys Ala Gin Tyr Leu Gin Ala lie Gin Ala Ala His Ala 
Ala Gly Met Gin Val Tyr Ala Asp Val Val Phe Asp His Lys Gly Gly Ala Asp Gly Thr Glu Tip Val 
Asp Ala Val Glu Val Asn Pro Seir Asp Airg Asn Gin Glu Ke Ser Gly Tk Tyr Gin lie Gto Ala Trp 
Thr Lys Phe Asp Plhe Pro Gly Arg Gly Am Tk Tyir Ser Ser Pfts Lys Tip Arg Trp Tyr His Phe Asp • 
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G!y Val Asp Tip Asp Glu Ser Arg Lys Leu Ser Arg He Yyr Lys Phe Arg Gly lie Gly Lys Ala Trp 
Asp Trp G!u Val Asp Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 
His Pro Glu Val Val Thr Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr Thr Asn lie Asp Gly 
Phe Arg Leu Asp Ala Val Lys His He Lys Phe Ser Phe Phe Pro Asp Trp Leu Ser Tyr Val Arg Ser 
Gin Thr Gly Lys Pro Leu Phe Thr Val Gly Glu Tyr Trp Ser Tyr Asp He Asn Lys Leu His Asn Tyr 
He Thr Lys Thr Asp Gly Thr Met Ser Leu Phe Asp Ala Pro Leu His Asn Lys Phe Tyr Thr Ala Ser 
Lys Ser Gly Gly Ala Phe Asp Met Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gin Pro Thr 
Leu Ala Val Thr Phe Val Asp Asn His Asp Thr Giu Pro Gly Gin Ala Leu Gin Ser Trp Val Asp Pro 
Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr Gly 
Asp Tyr tyr Gly He Pro Gin Tyr Asn He Pro Ser Leu Lys Ser Lys He Asp Pro Leu Leu He Ala Arg 
Arg Asp Tyr Ala Tyr Gly Thr Gin His Asp Tyr Leu Asp His Ser Asp He He Gly Trp Thr Arg Glu 
Gly Val Thr Glu Lys Pro Gly Ser Gly Leu Ala Ala Leu lie Thr Asp Gly Pro Gly Gly Ser Lys Trp 
Met Tyr Cys Trp Gin Thr Thr Arg Trp Lys Ser Val Leu 

SEQ CD NO: 89 

atgaaagaagcggngtgtatcaaattttcccggatcggttctttaatggcaacccttcaaatgataa^ 

agccgattgagcategcgattggtcggatttgcccgata^ 

gacttmcggcggagacategccggaattgaacaaaagpgga 

cgccatcgaaccataaatatgatgcgagcaattacaaagaattggatcc^ 

cgaaccgggggatgcatcteatcttagacggggtgteaaccac 

ggtgcgtatgaatattgggaagcggttocgamgatg^ 

aaacaagagggacagacgttcagcccgtatgggmcatemggttcw 

ggggctatgaeagtctgccggagtttaagjcggtgac 
atmccgtgaatcggafteggtggcgaaaagctg^ 
tttggcgcgagmcgccaagaattgcttcaagggtcgtacggc^ 
mgggatgacgcategaaatattttctaggcgaccagtac^ 

gaaatgcagaagaggcggacaagcggctgacggccataagggaagactacccaagtgaagcgttttatgcgctgatgaac 

catgacacggcgcgggcggtcmctgcttgggaacggaacgga^ 

aaaaagcggcteaagctggcggtgatmgcagatgggataccc^ 

aaaagacccagacaaccgccgoacgtatccgtggggcaaa 

accatcaatcgttgttggcccatggcgacatcaagac 

cgctcattgccatcaaccgcggcaatgaggacaagrc 

gcatgatggcggggaagctacggtcgctggcggaacgttgas 

gcggaaatgccggcagcagtcagcaamgcaggcgagcgctte^ 

gaatttacga^cacgttaaaaggtgccggtte^ 

c*g^ta^ 

gtgapa'iigi^ 

accaaggacaagaicggcgacgccaacgtgttc^ 

aaccttggcgaggagtggatgtatacagaapgaagcaagtgacgm^ 

agctgcggcagcctgtggttgaatcgggacaagtgaattte^ 

cgcaacggtgatategtgcatacaaccacttcgatcgg 

gttgtatgaccgcgccggcaatgttgtggcgteaaacacggteaag 

ccggattacacaccgttggatgcccgaattacgattccgaacagcttgaacggctggaacacaggggcctgggagatg^ 

ggtgacgcccgattggcaatttaccgtcgaggtgcaggaaggggaaacgatcacctataagtetgtgaaaggc 

ggttggccgaccatacgcgtgaggacgacaacgatgatgacgtgagctacta^ 

cacaatgaaggaaacaatacgatgattgtgcaagaccgcatmgcgctggate^ 

agtcaagtgacgatcaagggcaatgccattaaaaacggtgftt^ 

acacgtttgcgccggccagccatcaaaaag^gtgttgatcc^ 
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gagcgattgcgaaaaacacaaaagdttacgtgctgaatttagaaacgaagcaattcaaaaagcttctcgagagtacttctagagcggccgcgg 
gcccatcgattttccacccgggtggggtaccaggta 

SEQ ID NO: 90 

Met Lys Glu Ala Val Val Tyr Gin He Phe Pro Asp Arg Phe Phe Asn Gly Asn Pro Ser Asn Asp Asn 
Ser Lys Gin Gin Ala Arg Gly Ala Gin Pro He Glu His Arg Asp Trp Ser Asp Leu Pro Asp Asn Pro 
Arg Leu Lys Gly Thr Ser Gly Tyr Asp Gly Asp Gly Glu Trp Ser Asn Asp Phe Phe Gly Gly Asp lie 
Ala Gly He Glu Gin Lys Leu Asp Tyr Leu Gin Ser Leu Gly Val Asn Thr lie Tyr Leu Asn Pro He 
Ala Asn Ala Pro Ser Asn His Lys Tyr Asp Ala Ser Asn Tyr Lys Glu Leu Asp Pro Met Phe Gly Ser 
Pro Glu Glu Phe Gin Ser Phe Val Gin Ala Leu Ala Asn Arg Gly Met His Leu He Leu Asp Gly Val 
Phe Asn His Val Ser Asp Asp Ser He Tyr Phe Asp Arg Tyr His Arg Tyr Pro Thr Val Gly Ala Tyr 
Glu Tyr Trp Glu Ala Val Tyr Asp Leu Met Asn Glu Lys Gly Leu Ser Glu Glu Glu Ala Arg Lys Gin 
Val Glu Glu Lys Phe Lys Gin Glu Gly Gin Thr Phe Ser Pro Tyr Gly Phe His Leu Trp Phe Asn He 
Glu Asn Lys Lys Val Asn Gly His Tyr Gin Tyr Gin Ser trp Trp Gly Tyr Asp Ser Leu Pro Glu Phe 
Lys Ser Val Thr Gly Glu Lys Val Pro His Pro Ser Glu Leu Asn Asn Asp Ala Leu Ala Asn Tyr He 
Phe Arg Glu Ser Asp Ser Val Ala Lys Ser Trp He Ala Leu Gly Ala Ser Gly Trp Arg Leu Asp Val 
Ala Asn Glu Val Asp Pro Ala Phe Trp Arg Glu Phe Arg Gin Glu Leu Leu Gin Gly Ser Tyr Gly Arg 
Gly Pro Thr Leu Lys Glu Gly Glu Gin Pro Leu He Leu Gly Glu He Trp Asp Asp Ala Ser Lys Tyr 
Phe Leu Gly Asp Gin Tyr Asp Ser Val Met Asn Tyr Arg Phe Arg Gly Ala Val Leu Asp Phe Leu 
Lys Asn Gly Asn Ala Glu Glu Ala Asp Lys Arg Leu Thr Ala He Arg Glu Asp Tyr Pro Ser Glu Ala 
Phe Tyr Ala Leu Met Asn Leu lie Gly Ser His Asp Thr Ala Arg Ala Val Phe Leu Leu Gly Asn Gly 
Thr Asp Ser Ser Glu Arg Ala Glu Leu Asp Pro Asn Tyr Asn Glu Glu Leu Gly Lys Lys Arg Leu 
Lys Leu Ala Val He Leu Gin Met Gly Tyr Pro Gly Ala Pro Thr He Tyr Tyr Gly Asp Glu Ala Gly 
Val Thr Gly Ser Lys Asp Pro Asp Asn Arg Arg Thr Tyr Pro Trp Gly Lys Glu Asp Gin Asn Leu 
Leu Ser His Tyr Gin Lys Val Gly His He Arg Gin His His Gin Ser Leu Leu Ala His Gly Asp lie 
Lys Thr Val Tyr Ala Gin Gly Asp Val Tyr Val Phe Ala Arg Gin Tyr Gly Arg Glu Ala Ala Leu He 
Ala He Asn. Arg Gly Asn Glu Asp Lys Thr Val Ala Leu Asp Val Ala Ser Leu Leu Pro Asn Gly Thr 
Val Leu Thr Asp Glu Leu His Asp Gly Gly Glu Ala Thr Val Ala Gly Gly Thr Leu Thr Val Thr lie 
Pro Ala Leu Asp Gly Arg Met Met Phe Gly Thr Val Thr Ala Glu Met Pro Ala Ala Val Ser Asn Leu 
Gin Ala Ser Ala Ser Asp Gly Cys Val Thr Leu Thr Trp Glu Gly Asn Ala Ser Arg Tyr Arg He Tyr 
Glu Ser Thr Leu Lys Gly Ala Gly Tyr Thr Met Val Gin Glu Thr Glu Thr Thr Ser Ala Thr He Gly 
Ser Leu Thr Asn Gly Thr Ala Tyr Tyr Phe Ala Val Ala Ala Val Asp Glu Asn Gly Asn Glu Ser Pro 
Lys Val Ghi Thr Asn Arg Val Val Pro His Tyr Pro Leu Thr Ser Asp Asn Val Gin Phe Val Thr Thr 
Leu Ser Asp Ala Thr Leu Asp Leu Ser Lys Pro Gin Gin Val Asp Val His Val Asn He Asp Asn Val 
Thr Ser Lys Gly Ala Ala Asp Gly Leu Gin Ala Vail Leu Gin Val Lys Gly Pro His Asp Glu Thr Trp 
Lys <3JHr ?%t- ^ AJ* A|* T^ Gfci Qfr Gto AsftGl* Aj^ Ate Asn Vrt Pjho A?g Ale At* Bl# Tfa fto 

Glu GK Lys tiU Val Obs Phe Ate Ala Asp Asn Ser Aspuft fle Ala Pro Ala Asp Ala lie Ghi Leu 
Arg Gin Pro Ala Val Ghi Ser Gly Gin Val Asn Leu Ser Trp Thr Phe Val Gly Lys Lys Asp Gly Asp 
Ala Tyr Leu Leu Ala He Glu Arg Asn Gly Asp He Val His Thr Thr Thr Ser He Gly Asp Ser Phe Thr 
Asp Tyr Asp Val Glu Asn Gly Thr Glu Tyr Thr Tyr Val Val Lys Leu Tyr Asp Arg Ala Gly Asn 
Val Val Ala Ser Asn Thr Val Lys Val Thr Pro Asp He Val Met Val Lys Val He Phe Lys Val Arg 
Ala Pro Asp Tyr Thr Pro Leu Asp Ala Arg He Thr He Pro Asn Ser Leu Asn Gly Trp Asn Thr Gly 
Ala Trp Ghi Met Ser Arg Asn Gly Ala Val Thr Pro Asp Trp Gin Phe Thr Val Glu Val Gin Glu Gly 
Glu Thr He Thr Tyr Lys Tyr Val Lys Gly Gly Ser Trp Asp Gin Glu Gly Leu Ala Asp His Thr Arg 
Glu Asp Asp Asn Asp Asp Asp Val Ser Tyr Tyr Gly Tyr Gly Thr lie Gly Thr Asp Leu Lys Val Thr 
Val His Asn Glu Gly Asn Asn Thr Met He Val Gin Asp Arg He Leu Arg Trp He Asp Met Pro Val 
Val He Glu Glu Val Gin Lys Gin Gly Ser Gin Val Thr He Lys Gly Asn Ala He Lys Asn Gly Val 
Leu Thr He Asn Gly Glu Arg Val Pro Oe Asp Gly Arg Met Ala Ptoe Ser Tyr Titer Phe Ala Pro Ala 
Ser His Gto Lys Gk VsS Leu His He Gte Pro S©r Ak Gfe Soir Lys Tkr Ak le Pto Aseb Asbu Asp 
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Gly Gly Ala He Ala Lys Asn Thr Lys Asp tyr Va! Leu Asn Uu GIu Thr Lys Gin Phe Lys Lys Leu 
Leu Glu Ser Thr Ser Arg Ala Ala Ala Gly Pro Ser He Phe His Pro Gly Gly Val Pro Gly 

SEQIDNO:91 

gtgctaacgttcaccgcatcattcgaaaaggatggatgttcctgcte^ 

aggctgccgcaccgtttaacggcaccatgatgcagtatmgaatggtacttgccggatgatggcacgttatggaccaaagtggccaatg 

caacaacttatccagccttggcatcaccgctctttggctgccgcccgcttataaaggaacaagccgcagcgacgtagggtacggagtatacga 

c ttgtatgacc tcggc gaa ttcaa tcaaaaagggac c gtccgcac aaaa tacggaacaaaagc tcaatatcttcaagcca ttcaa gccgccc ac 

gccgctggaatgcaagtgtacgccgatgtcgtgttcgaccataaaggcggcgccgacggcacggaatgggtggacgccgtcga^ 

cgtccgaccgcaaccaagaaatctcgggcacctatcaaatccaagcatggacgaaatttgattttcccggg 

taagtggcgctggtaccatmgacggcgttgattgggacgaaagccgaaaattgagccgcatttacaaattccgcg 

gattgggaagtagacacggaaaacggaaactatgactacttaatgtetgccgactt^ 

actggggcaaatggtatgtcaacacaacgaacattgatgggttccggcttgatgccgtcaagcatattaagtte 
atgtgcgfctcagactggcaagccgctatttaccgtc 

gaacgatgtctttgmgatgccccgttacacaacaaattttataccgcttccaaato 

ctcatgaaagatcaaccgacartggccgtcaccttcgttgataatcatgacaccgaacccggccaagcgctgca^^ 

tcaaaccgttggcttacgcctttaftctaactcggcaggaaggata^ 

cgctgaaaagcaaaatcgatccgctcctcatcgcgcgc^^ 

tggacaagggaaggcgteactgaaaaaccaggatccggactggc^ . 
ggcaaacaacacgccggaaaagtgttctatgaccttaccggcaaccggagtgacaccgtcaccatcaacagtgat 
agtcaatggcggttcggtttcggmgggncctagaaaaacgaccgtctctaccatcgcnggccgatcacaac^ 
cgtccgttggaccgaaccacggttggtggcatggccttga 

SEQIDNO:92 

Val Leu Thr Phe His Arg He He Arg Lys Gly Trp Met Phe Leu Leu Ala Phe Leu Leu Thr Ala Ser 
Leu Phe Cys Pro Thr Gly Gin Pro Ala Lys Ala Ala Ala Pro Phe Asn Gly Thr Met Met Gin Tyr Phe 
Glu Tip Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys Val Ala Asn GIu Ala Asn Asn Leu Ser Ser 
Leu Gly He Tlir Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly Thr Ser Arg Ser Asp Val Gly Tyr Gly 
Val Tyr Asp Leu Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr 
Lys Ala Gin Tyr Leu Gin Ala ne Gin Ala Ala His Ala Ala Gly Met Gin Val Tyr Ala Asp Val Val 
Phe Asp His Lys Gly Gly Ala Asp Gly Thr GIu Trp Val Asp Ala Val Glu Val Asn Pro Ser Asp Arg 
Asn Gin Glu He Ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro Gly Arg Gly Asn 
Thr Tyr Ser Ser Phe Lys Trp Arg Trp tyr His Phe Asp Gly Val Asp Trp Asp GIu Ser Arg Lys Leu 
Ser Arg He Tyr Lys Phe Arg Gly He Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn 
Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val Val Thr Glu Leu Lys Asn 

Tip Gly Ly?Trp ?yr V#l Am Tfa^Mfrfa-AwQW PA* Asp Alft \^3t^|^lte ^ 

• Gitt tyr Tifr SeS t^f ^-^AMt^iM 1^ Ash ^ fle Thr Ly* TW Asn Ofy tfc^t Ser LeU * 
Phe Asp Ala Pro Leu His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Gly Ala Phe Asp Met Arg Thr 
Leu Met Thr Asn Thr Leu Met Lys Asp Gin Pro Thr Leu Ala Val Thr Phe Val Asp Ash His Asp 
Thr Glu Pro Gly Gin Ala Leu Gin Ser Tip Val Asp Pro Tip Phe Lys Pro Leu Ala Tyr Ala Phe He 
Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly He Pro Gin Tyr Asn He 
Pro Ser Leu Lys Ser Lys He Asp Pro Leu Leu He Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin His 
Asp Tyr Leu Asp His Ser Asp He lie Gly Trp Thr Arg Glu Gly Val Thr Glu Lys Pro Gly Ser Gly 
Leu Ala Ala Leu He Thr Asp Gly Pro Gly Gly Ser Lys Trp Met Tyr Val Gly Lys Gin His Ala Gly 
Lys Val Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp Thr Val Thr He Asn Ser Asp Gly Trp Gly Glu 
Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg Lys Thr Thr Val Ser Thr He Ala Trp 
Pro He Thr Thr Arg Pro Tip Thr Gly Glu Phe Val Arg Tip Thr Glu Pro Arg Leu Val Ala Trp Pro 
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SEQIDNO:93 

atgaaatcgmgcattcatgcctatccttttttatgcaaacgamcatcagtgaaagggaaggaggaggaaaaatggggaagaata 
agattcacgtatttttcaatcttcttattgttcgttcagct^ 

tggaaacgaagtcacgmctatatggaggaacaggaaacgagcagtctgtgttactggcaggctcctttaatgattggcagaaagatgg^ 

agaagattgcactaacaaaaggcgacaataacgtctggtctgtcacgcaaacacttcaagatgggacaUtacgtataagttt 

aatggglggcggatccgcmacccgaatcaagtagacgacggttacggcggecgtaatagtgtcgttgttgtcgggacaccggtgcaacaag 

aacggacagtgacgcttgttggtaacttacaagacgaattaggtcatacgagcgaatgggatccgaaagcgacagctacagtgatgaaaaagg 

aagggaacgggttatatocgtttacaggtacacttccagcc^ 

gtcggcggccgcgatggcgggaatattaagctgctattaaat^ 

attcgacttggtatgcaccaattctaaaagaaaagcagccgcggctcgttggaacgatttUccagctattggto 

ggacgccgcaaacatcaacggcgttgflgtcagatgatgatmgatt^ 

agtagttcdg^aatgattggacatatgaaaattatccacaagataatgccaaattaaatgtgcttg^ 

gaaaacgaaagtagtgtataccgattacaatccaagcggttcggatggtatcgtccaaaaagaccgmgaagcataa 

tcgccaaccgttggtgcggtgaaagctgggacagaagtgacccttc 

aaaatacgacaaccggcacagcgaaactatattcgatgaaaaaagccggtgttcttggcgaagaagaatattggg^ 

atgtgaaaggagtatacggttataaatttattgcg 
aaagcagtagataaaaatgcagagctgttccaattaacggtgtacgacccatc^^ 

aattttccctgatccaaag 

> 

SEQ ID NO: 94 

Met Lys Ser Phe Ala Phe Met Pro He Leu Phe Tyr Ala Asn Asp Phe He Ser Glu Arg GIu Gly Gly 
Gly Lys Met Gly Lys Asn Met Arg Arg Arg Phe Thr Tyr Phe Ser He Phe Leu Leu Phe Val Gin Leu 
Phe Ser Phe Ser Ala Thr Ala Ser Ala Asn Gly Thr Val Asn Ser Ser Pro Val Val Asn Gly Asn Glu 
Val Thr Phe Leu Tyr Gly Gly Thr Gly Asn Glu Gin Ser Val Leu Leu Ala Gly Ser Phe Asn Asp Trp 
Gin Lys Asp Gly Asp Lys Lys He Ala Leu Thr Lys Gly Asp Asn Asn Val Tip Ser Val Thr Gin Thr 
Leu Gin Asp Gly Thr Tyr Thr Tyr Lys Phe Val Val Asp Gly Gin Trp Val Ala Asp Pro Leu Asn Pro 
Asn Gin Val Asp Asp Gly Tyr Gly Gly Arg Asn Ser Val Val Val Val Gly Thr Pro Val Gin Gin Glu 
Arg Thr Val Thr Leu Val Gly Asn Leu Gin Asp Glu Leu Gly His Thr Ser Glu Trp Asp Pro Lys Ala 
Thr Ala Thr Val Met Lys Lys Glu Gly Asn Gly Leu Tyr Thr Phe Thr Gly Thr Leu Pro Ala Gly Thr 
Tyr Glu Tyr Lys He Ala He Asn Gly Ser Tip Asp Glu Asn Tyr Gly Val Gly Gly Arg Asp Gly Gly 
Asn He Lys Leu Leu Leu Asn Glu Gin Thr Thr Val Thr Phe Tyr Tyr Asn Asp Arg Thr His Ala He 
Ala Asp Ser Thr Trp Tyr Ala Pro He Leu Lys Glu Lys Gin Pro Arg Leu Val Gly Thr He Leu Pro 
Ala He Gly Tyr Glu Thr Asp Val Asn Gly Tip Thr Pro Gin Thr Ser Thr Ala Leu Leu Ser Asp Asp 
Asp Phe Asp Ser He Tyr Thr Phe Lys Ala Arg Val Pro Lys Gly Thr Tyr Glu Tyr Lys Val Val Leu 
Gly Asn Asp Trp Thr Tyr Glu Asn Tyr Pro Gin Asp Asn Ala Lys Leu Asn Val Leu Glu Glu Thr 
Thr He Thr Phe Ph* Pfee A» Al* fcys Tlir fcys Val Val Tyr T3jr Asp Tyr Asn Pro S«r Qfj* Ser Asp 

Vallys' ( 4a^.^ : f» : ^i ten AtgLsii Ala Lys Lys Gfy$*p Leu T&r tys Ala Asp Val 
Tyr Val Lys Asn thi Thr Thr Gly Thr Ala Lys Leu Tyr Ser Met Lys Lys Ala Gly Val Leu Gly Glu 
Glu Glu Tyr Trp Glu Ala Thr Phe Thr Pro Asp Val Lys Gly Val Tyr Gly Tyr Lys Phe ne Ala Val 
Asp Ala Gly Thr Lys Ala Glu Tyr Gly Glu Asp Thr Gin Glu Gly Gin Trp Gly Lys Ala Val Asp Lys 
Asn Ala Glu Leu Phe Gin Leu Thr Val Tyr Asp Pro Ser Tyr Gin Thr Pro Asp Trp Met Lys Glu Ala 
Val Val Tyr Gin He Phe Pro Asp Pro Lys 

SEQ ID NO: 95 

atgtatacactatteafccgttcatatmgatact^ 
gagtagatacag^tggtttttaccatttaataaaag 
acaagatcUgataatatgataaaagpctaaatgaaaatggaa 
tcttgatgcag^aaaatactactaattetecatatt 

aat&aaaaggacaaactgt$ggM^^ 
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aataatagattmgggcagatatgg^gtagatggatttagattegatgcagcaaaacattattatggamgactggagcgatgga 

tcagcaagcgngcaaaagagatagaagactatataaaagataaacUggggaaaatgcaaUgngtgagtgaggmacgatgg 

atgttcttttaaaafflgctccaatgcctgtgtttaat^ 

agttgggttgattcctcgttgtataatttaaatgttmcatmrc^ 

agggagatgfaatatctgccacaaaacaatamgctagttaatgctto^ 

gacttaggggatggaagtggcattcagaaccatgggatatacctgtgcgt^ 

cttattggacaaaagagttttacgaaggtattactgaaggaagtgc^ 

aagaacaagaaaatggatattctattttaaactttttta&gaatttate 

gagagattggaaaaacttgtatgtmgaaaaagtcgtataacttccaggatgttc^ 

gttccagaagggtataaatgggtgtggtatgcatttmgatggtgacaactatgaamggagcaaaa 

gacgataaatccaaggcaaatttatatatttgtaaagtaa 

* 

SEQ ID NO: 96 

Met Tyr Thr Leu Phe He Arg Ser Tyr Phe Asp Thr Asp G!y Asp Gly Val Gly Asp Phe Ser Gly Val 
Ala GIu Lys Val Asp Tyr Leu Lys Ser Leu Gly Va! Asp Thr Val Tip Phe Leu Pro Phe Asn Lys Ser 
Lys Ser tyr His Gly Tyr Asp V*l Glu Asp Tyr Tyr Asp Val Glu Pro Asp Tyr Gly Thr Leu Gin Asp 
Leu Asp Asn Met lie Lys Val Leu Asn Glu Asn Gly He Lys Val Val Met Asp Leu Val Val Asn His 
Thr Ser Asp Thr His Pro Trp Phe Leu Asp Ala Val Glu Asn Thr Thr Asn Ser Pro Tyr Trp Asn Tyr 
Tyr lie Met Ser Leu Asp Ghi Pro Gin Asn Lys Asn His Trp His Tyr Lys Val Asn Ser Lys Gly Gin . 
Thr Val Tip Tyr Phe Gly Leu Phe Asp Ser Ser Met Pro Asp Leu Asn Tyr Asp Asn Pro Lys Val Met 
Asp Glu Val Lys Lys He He Asp Phe Trp Ala Asp Met Gly Val Asp Gly Phe Arg Leu Asp Ala Ala 
Lys His Tyr Tyr Gly Phe Asp Trp Ser Asp Gly lie Glu Gin Ser Ala Ser Val Ala Lys Glu lie Glu 
Asp Tyr lie Lys Asp Lys Leu Gly Glu Asn AJa lie Val Val.Ser Glu Val Tyr Asp Gly Asp Ser Asn 
Val Leu Leu Lys Phe Ala Pro Met Pro Val Phe Asn Phe Ser Phe Met Tyr Asn Leu Arg Gly Asn 
Phe Glu Gly Arg Asp Asn Leu lie Ser Asp Ser He Ser Trp Val Asp Ser Ser Leu Tyr Asn Leu Asn 
Val Phe His Phe Pro Phe He Asp Ser His Asp Leu Asp Arg Phe He Ser Glu Leu Val Asp Ser Lys 
Tyr Gin Gly Asp Val He Ser Ala Thr Lys Gin Tyr Leu Leu Val Asn Ala Leu Leu Leu Ser Leu Thr 
Gly Met Pro Thr ne Tyr Tyr Gly Asp Glu lie Gly Leu Arg Gly Trp Lys Trp His Ser Glu Pro Trp 
Asp He Pro Val Arg Glu Pro Met Gin Trp Tyr Lys Asp Gin Lys Gly Asn Gly Gin Thr Tyr Trp Thr 
Lys Glu Phe Tyr Glu Gly He Thr Glu Gly Ser Ala Asn Glu Asp Gly Ala He Tyr Asp Asp Pro Asp 
Asp Gly Val Ser Val Glu Glu Gin Glu Asn Gly Tyr Ser He Leu Asn Phe Phe Lys Glu Phe He Asn 
Leu Arg Lys Asp Tyr Pro Ala Leu Ala Phe Gly Ser Thr Thr He Glu Arg Asp Tip Lys Asn Leu Tyr 
Val Leu Lys Lys Ser Tyr Asn Phe Gin Asp Val Leu Val Leu He Asn Leu Asp Pro Thr Tyr Ser Asn 
Thr Tyr Glu Val Pro Glu Gly Tyr Lys Trp Val Tip Tyr Ala Phe Phe Asp Gly Asp Asn Tyt Glu Phe 
Gly Ala Lys Asp Glu Met He Leu Gin Asn Thr Ser Trp Thr He Asn Pro Arg Gin He Tyr He Phe Val 
Lys 

* « 

* ■ • 

S EQ ID NO : 97 

atgaggaagaagatgtcgcattcaagatttactfflc^ 
ctactaaattcaaagcaaaaggtccttgtaaaagtaaat 
ttttttgattatcttagtaaagtgattattactgta 

attgaacttcttcctggaacttatacatttgag^ 
aaaaataatattgttaatgtcgaaacttttfflgttaat 

caacgttgatcttcaaaaaagatacagcacaagaagattatgaagagg^ 

cctggtatgtggactgtaaaamgaagttgatcttaaatcaaaggatgcaa 

agtgcttccagcaaagacaaaaagtttaacatttaatgtagt^ 

gcctmgtggatcctgtaacaaatttaagtggagagataaatgaattag 

tttatgtgtataaagaattagaggaacaaggagaatatttgtatgaatttgUggaaaaacacgcgagaaaa 

caagaattcgataaatttagtggaatcgctattaatgt^ . 

gatttogaaagftgitttgacag&ito 
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ttttgaaaaaaggtataaatagcaatgaatacgaaataam^ 

ttgagaaaattgcgattagagtagttgctaatggatttgaaagtaagattaatgagatttcaagagatgaU 
tacatcgtctactatgtatacactattcatec^ 

taaaatctcttggagtagatocagtctggmttaccattt^ 

Utggaacactacaagatcttgataatatgataaaagttetaaatgaaaatggaataaaggtagtaatggate 
acatccatggmcttgatgcagttgaaaatoctactaattetec 

cattataaggttaattcaaaaggacaaactgtgtggtamtggattgmgattcatcaatgccgg^ 
gaagteaaaaaaataatagattmgggcagatatgggag^ 

gaattgaacagtcagcaagcgttgcaaaagagatagaagactate^ 
tggagattcaaatgttcttttaaaamgctccaatgcctgtgtttaatt^ 
tcagactetattagttgggttgattcctegttg^ 
atagtaaatatcagggagatgtaatatetgccacaaaacw^ 

tgatgaaataggacttaggggatg^gtggcattcagaaccatgggatatacctgtgcgtgagc^ 
gaacggtcaaacttattggacaaaagagjtttacgaaggtattactga^ 

gagtatctgtagaagaacaagaaaatggatattctattttaaacttttttaaagaattto 
actacgattgagagagattggaaaaacttgtatgtmgaaaa^ 
atacatacgaagttccagaagggtataaatgggtgt^ 
aatacaagttggacgataaatccaaggcaaatttatatatttgtaaagtaa 

SEQ ID NO: 98 

Met Arg Lys Lys Met Ser His Ser Arg Phe Thr Phe Leu Leu He Leu Ala Leu Phe lie Phe Phe Ser 
Gly Cys He Ser Glu Val Lys Ser Glu Ser Gin Leu Leu Asn Ser Lys Gin Lys Val Leu Val Lys Val 
Asn Val Asn Thr Pro Phe He Glu Asn Ala Thr Thr Asn Thr Trp Ser Val Ser Lys Glu Ser Phe lie 
Asp Tyr Leu Ser Lys Val lie lie Thr Val Lys Asp Val Asn Asp Gin lie Val Phe Thr Lys Glu Thr 
Thr Asn Lys Thr Asn He Tyr Phe Glu lie Glu Leu Leu Pro Gly Thr Tyr Thr Phe Glu Val Lys Gly 
Tyr Glu Glu Asp Leu Val He Phe Ser Gly Glu Lys Val Asn Gin He He Asp Glu Lys Asn Asn He 
Val Asn Val Glu Thr Phe Phe Val Asn Gly He Val Arg Thr lie He Glu Val Asp Asp He He Tyr Lys 
Asn Tyr Asp lie Thr Ser Ala Thr Leu lie Phe Lys Lys Asp Thr Ala Gin Glu Asp Tyr Glu Glu Val 
Pro Val Thr Leu Thr Gly Thr Ser Thr Leu De Asn Lys Glu Leu Tyr Pro Gly Met Trp Thr Val Lys 
Phe Glu Val Asp Leu Lys Ser Lys Asp Ala Ser Met Leu Pro Glu Lys Val His Leu Glu Asn Glu Phe 
Ser He Glu Val Leu Pro Ala Lys Thr Lys Ser Leu Thr Phe Asn Val Val Phe Asp Thr Glu Val Asn 
Glu Pro Lys Leu Val Val Val Phe Pro Gin He Glu Leu Pro Phe Val Asp Pro Val Thr Asn Leu Ser 
Gly Glu He Asn Glu Leu Glu Gly Asn Leu Ser Met Asn Trp Asp Tyr Ser Asp Pro Asn Ala Glu Phe 
Tyr Val Tyr Lys Glu Leu Glu Glu Gin Gly Glu Tyr Leu Tyr Glu Phe Val Gly Lys Thr Arg Glu Lys 
Ser Tyr Thr lie Glu Asn Phe Thr Lys Gin Glu Phe Asp Lys Phe Ser Gly lie Ala lie Asn Val Tyr 
Ala Asn Gly tys $lu S* Gfy Leu Y$i ^ Ser 
Val &ip3&^^ • 



Ser Ser Vaflfelhe ^ fhf 
Gin Asn Ser Phe Ser Thr Glu Phe Thr Gly Arg Gin Phe Trp Asp Leu Glu Lys He Ala ne Arg Val 
Val Ala Asn Gly Phe Glu Ser Lys He Asn Glu He Ser Arg Asp Asp He Thr He Thr Ser Leu Asn Leu 
Pro Leu Thr Ser Ser Thr Met Tyr Thr Leu Phe He Arg Ser Tyr Hie Asp Thr Asp Gly Asp Gly Val 
Gly Asp Phe Ser Gly Val Ala Glu Lys Val Asp Tyr Leu Lys Ser Leu Gly Val Asp Thr Val Trp Phe 
Leu Pro Phe Asn Lys Ser Lys Ser Tyr His Gly Tyr Asp Val Glu Asp Tyr Tyr Asp Val-Glu Pro Asp 
Tyr Gly Thr Leu Gin Asp Leu Asp Asn Met He Lys Val Leu Asn Glu Asn Gly He Lys Val Val Met 
Asp Leu Val Val Asn His Thr Ser Asp Thr His Pro Trp Phe Leu Asp Ala Val Glu Asn Thr Thr Asn 
Ser Pro Tyr Trp Asn Tyr Tyr He Met Ser Leu Asp Glu Pro Gin Asn Lys Asn His Trp His Tyr Lys 
Val Asn Ser Lys Gly Gin Hit Val Trp Tyr Phe Gly Leu Phe Asp Ser Ser Met Pro Asp Leu Asn Tyr 
Asp Asn Pro Lys Val Met Asp Glu Val Lys Lys He He Asp Phe Trp Ala Asp Met Gly Val Asp Gly 
Phe Arg Leu Asp Ala Ala Lys His Tyr Tyr Gly Phe Asp Trp Ser- Asp G8y He Gto Gto Ser Ala Ser 
VaJ Ala Lys Glu He Gto Asp Tyir He Lys Asp Lys to Gly Gto Am Ala le Va» Val Seir Gto VaS 
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Tyr Asp Gly Asp Ser Asn Val Leu Leu Lys Phe Ala Pro Met Pro Val Phe Asn Phe Ser Phe Met Tyr 
Asn Leu Arg Gly Asn Phe Glu Gly Arg Asp Asn Leu He Ser Asp Ser He Ser Trp Val Asp Ser Ser 
Leu Tyr Asn Leu Asn Val Phe His Phe Pro Phe He Asp Ser His Asp Leu Asp Arg Phe He Ser Glu 
Leu Val Asp Ser Lys Tyr Gin Gly Asp Val He Ser Ala Thr Lys Gin Tyr Leu Leu Val Asn Ala Leu 
Leu Leu Ser Leu Thr Gly Met Pro Thr lie Tyr Tyr Gly Asp Glu He Gly Leu Arg Gly Tip Lys Trp 
His Ser Glu Pro Trp Asp He Pro Val Arg Glu Pro Met Gin Trp Tyr Lys Asp Gin Lys Gly Asn Gly 
Gin Thr Tyr Trp Thr Lys Glu Phe Tyr Glu Gly He Thr Glu Gly Ser Ala Asn Glu Asp Gly Ala He 
Tyr Asp Asp Pro Asp Asp Gly Val Ser Val Glu Glu Gin Glu Asn Gly Tyr Ser He Leu Asn Phe Phe 
Lys Glu Phe He Asn Leu Arg Lys Asp Tyr Pro Ala Leu Ala Phe Gly Ser Thr Thr lie Glu Arg Asp 
Tip Lys Asn Leu Tyr Val Leu Lys Lys Ser Tyr Asn Phe Gin Asp Val Leu Val Leu He Asn Leu Asp 
Pro Thr Tyr Ser Asn Thr Tyr Glu Val Pro Glu Gly Tyr Lys Trp Val Trp Tyr Ala Phe Phe Asp Gly 
Asp Asn Tyr Glu Phe Gly Ala Lys Asp Glu Met He Leu Gin Asn Thr Ser Trp Thr lie Asn Pro Arg 
Gin ne Tyr He Phe Val Lys 

* 

* 

SEQIDNO:99 

atgtacacactetteatccgctctttttacgatacaaac^ 

cttggagtggatacagmggttcttgccgtteaacaaagcaaaategtac^^ 

gaacatecgcacaacttgaaaatatgateaagacactcaatcagaacggaattcgt^ 

actegtggmctggatgccgttgagaacacaacgaattcgaaatattggagcte 

ggcattggaagataaactcaaaagggcaaaaagtttactacttc^ 

gaacgaaatcaagagaataatcgatttctggat^cagttggtgt^ 

acgacggcatttcaggtteagcagcaatcgcgagggaaatagaaagttacatea 

g^gtacgatggaaatccatcggttctttcacaatttgcaccgatgccggcgttcaacttcac^ 

aaagataacctgctgggagaaacaatttcatgggttaatggagcgagttatte^ 

acagatggatatcgatocttategaccaaaagtatagjggaaa 

aacggtatgcctgttatttattat^gaatgaaataggcttgagaggatggaaatggggacaagaccc 
tgcagtggtacgcaagtcaaagtggagctgggcagacatggtggac 

gtcgatggtgcgatgtacgatgatccaaatgatggggtttcagtagaagagcagatgaatggttacacgataaataac 

ccctgaggaagacatatccggctctatcgaaaggttcgataa^ 

atcaggaagtgcttgjattgataaacttagacccaacttggw 

tgggagmgmgaamggcaataaaaacgaatcaccactgagccaagata^ 

ggactaa 

SEQ ID NO: 100 

Met Tyr Thr Leu Phe He Arg Ser Phe Tyr Asp Thr Asn Asn Asp Gly Val Gly Asp Tyr Asn Gly Val 
Ala Glp lys Val Asp.Tyr ten Lys Thr Im-^fj^M Asp ^hr Viit Tip Pfce L$u Pro fcht ^jpl^- Ala; 
Ly* SerT^^^^ • 
Leu Glu Asn Met He Lys Thr Lei* A^ ^ Gty He Arg Vd V^ Met: Asp Leik VafcVtf Asa His 
Thr Ser Asp Thr His Ser Trp Phe Leu Asp Ala Val Glu Asn Thr Thr Asn Ser Lys Tyr Trp Ser Tyr 
Tyr He Met Thr Leu Glu Asn Arg Asp Gly Tip Asn His Trp His Trp Lys He Asn Ser Lys Gly Gin 
Lys Val Tyr Tyr Phe Gly Leu Phe Asp Ser Ser Met Pro Asp Leu Asn Phe Asp Asn Pro Girt Val 
Met Asn Glu He Lys Arg He He Asp Phe Tip ne Thr Val Gly Val Asp Gly Phe Arg Leu Asp Ala 
Pro Lys His Tyr Lys Gly Trp Asp Trp Asp Asp Gly He Ser Gly Ser Ala Ala He Ala Arg Glu ne Glu 
Ser Tyr He Arg Ser Lys Leu Gly Asn Asp Ala He Val Val Gly Ghi Val Tyr Asp Gly Asn Pro Ser 
Val Leu Ser Gin Phe Ala Pro Met Pro Ala Phe Asn Phe thr Phe Met Tyr Gly ne Thr Gly Asn His 
Glu Gly Lys Asp Asn Leu Leu Gly Glu Thr He Ser Trp Val Asn Gly Ala Ser Tyr Tyr Leu Asn Val 
Lys His Phe Pro Phe ne Asp Asn His Asp Leu Asn Arg Trp He Ser He Leu He Asp Gin Lys Tyr Ser 
Gly Asn Thr Gin Val Gly Thr Lys Gin Tyr He Leu Thr Asn Ala Leu Leu Leu Ser Leu Asn Gly Met 
Pro Val He Tyr Tyr Gly Asn Glu He Gly Leu Arg Gly Tegp Lys Trp Gly Gto Asp Pit© Trp Asp Leu 
Pro Vail Arg Gk fm Mstl Gto Trp Tyr Ah Ser Gk Sea- Gly Ak GEy Gh Iter Tirp Tirp Ik Lys Fto 
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Val Tyr Gin Gin Lys Gly He Thr Phe Gly Asn Ala Asn Val Asp Gly Ala Met Tyr Asp Asp Pro Asa 
Asp Gly Val Ser Val Glu Glu Gin Met Asn Gly Tyr Thr He Asn Asn Phe Phe Lys Gin Phe He Thr 
Leu Arg Lys Thr Tyr Pro Ala Leu Ser Lys Gly Ser He thr lie Glu Arg Asp Trp Lys Asn Leu Tyr 
Val He Lys Arg Val Tyr Gly Asn Gin Glu Val Leu Val Leu lie Asn Leu Asp Pro Thr Trp Pro Asn 
Asn Tyr Thr Leu Pro Gly Gly Tyr Arg Trp Val Trp Tyr Ala Phe Phe Asn Gly Ser Leu Phe Glu Phe 
Gly Asn Lys Asn Glu Ser Pro Leu Ser Gin Asp Thr Asn Tip Thr Val Asn Pro Arg Gin Val Tyr Val 
Phe Val Lys Asp 

SEQIDNO: 101 

ttgcgattcmccaaagttaatatcccctmccgca 

gaaagtaataatgatcaamgaaaaaaaacaccattagcgccctgg^gcaggtatggtattaggcmgcatccaacg 
aaccgctmgtacacctefflgaatggaaatgggaagatgttg^ 

ctctecgccaactaaatctcacaacacggatgcatggtggggccg^ 

rattaaaaatatggtgcaacgttgtaaagctgtaggcgtc^ 

ctgatgtaccctatagcagtaatgactttaactect 

atgatctaaaaacaggatctgactacgtccgccaaaaaatagc 

cagccaaacatataccagcaggtgatatagctgccatto^ 

aacctgttcgaccgactgaatacacctttatcggt^ 

ggttaaaagacattggcagtcaaatggaattatccagtgctgatgccgtaacamgtaacgaatcatgatgaagagcgte 
ctamggcacggcgttcaaggtaatggttatgcattagcaaatatmcacc^ 

ccacggtgactttaacgcagctccaccaagcagtgg^ 

atggcgcggtattgctoacatggttgccttccgcaactatacag 

ctmggtcgcggtggtttaggtmgttgttattaataaacgtg^ 

aacataatagaagctaacmgatgaaagcaccggccaatg^gtgca^ 

agctaactttaatgtagcaggcgatcatgctgctgcaa^ 

tccgattgtaataatgatcctaaacctgatmgcagtaccag 

gcctacagatagcttagcgaatgcagcttggccaggtgtcgc 

aaattaacgccatctttagtgacaatggtgcaaataaaacagctgatctaactgta^ 

acaaaattgtggcmgaaattaccggtgcacaaaccaatccagtcggtggcgacgaagtctggtactte 
aagcacaattagattatgacgcaactagcggtttgtattacacaatacaaag^ 

agttggactgaagcttatccaacagctgattaccaagttacagataacaattcataccgcattaactttaato 
acgcacaataa 

SEQIDNO: 102 

Met Arg Phe Phe Pro Lys Leu He Ser Pro Phe Pro Gin Asn Thr Arg Glu Trp Gin Arg Ser Ala Val 

Ser Arg Asp Tiff Glu Gin Leu G)n Arg Lys Val He Met He Asn Leu Lys Lys Asn Tte tt$ $$fM? 

l**V*\M%^ ■ 
LeuPtieO^ 

Ala Val Gin Val Ser Pro Pro Thr Lys Ser His Asn Thr Asp Ala trp Trp Gly Aig Tyr Gin Pro Val 
Ser Tyr Ata Phe Glu Gly Arg Ser Gly Asn Arg Ser Gin Phe Lys Asn Met Val Gin Arg Cys Lys Ala 
Val Gly Val Asp He Tyr Val Asp Ala Val lie Asn His Met Ala Ala Tyr Asp Arg Asn Phe Pro Asp 
Val Pro Tyr Ser Ser Asn Asp Phe Asn Ser Cys Thr Gly Asp He Asp Tyr Asn Asn Arg Tip Gin Thr 
Gin His Cys Asp Leu Val Gly Leu Asn Asp Leu Lys Thr Gly Ser Asp Tyr Val Arg Gin Lys lie Ala 
Asp Tyr Met Asn Asp Ala He Ser Met Gly Val Ala Gly Phe Arg He Asp Ala Ala Lys His He Pro 
Ala Gly Asp He Ala Ala He Lys Gly Lys Leu Asn Gly Asn Pro Tyr He Phe Gin Glu Val He Gly Ala 
Ser Gly Glu Pro Val Arg Pro Thr Glu Tyr Thr Phe ne Gly Gly Val Thr Glu Phe Gin Phe Ala Arg 
Lys Leu Gly Pro Ala Phe Arg Asn Ser Asn He Ala Trp Leu Lys Asp He Gly Ser Gin Met Glu Leu 
Ser Ser Ala Asp Ala Val Thr Phe Val Thr Asn His Asp Glu Glu Arg His Asn Pro Asn Gly Pro He 
Trip His Gly Val Gin Gly Asn Gly Tyr Ala Lena Ala Asn He Phe Tk Leu Ala Tyir- Pro Tyr Gly Tyr 
Pro Lys He Met Seir Gly Tyir Phe Phe Mis GOy Asp PS:© Am AEa Ala Pro Piro Sesr Seir Gly Be ffis Tito ' 
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Gly Asn Ala Cys Gly Phe Asp Gly Gly Asp Trp Val Cys Glu His Lys Tip Arg Gly lie Ala Asn Met 
Val Ala Phe Arg Asn Tyr Thr Ala Ser Glu Trp Arg He Ser Asn Trp Trp Gin Asn Ser Asn Asp Gin 
He Ala Phe Gly Arg Gly Gly Leu Gly Phe Val Val He Asn Lys Arg Ala Asn Gly Ser He Asn Gin 
Ser Phe Asp Thr Gly Met Pro Asp Gly Gin Tyr Cys Asn He He Glu Ala Asn Phe Asp Glu Ser Thr 
Gly Gin Cys Ser Ala Ala Thr Asp Ser Asn Gly Gin Ala Val He Thr Val Ser Gly Gly Gin Ala Asn 
Phe Asn Val Ala Gly Asp His Ala Ala Ala He His Val Gly Ala Lys He Gly Asp Gin Cys Ser Gly 
Asp Asp Cys Pro Cys Thr Gly Ser Asp Cys Asn Asn Asp Pro Lys Pro Asp Phe Ala Val Pro Ala 
Thr Ser lie Cys Thr Ser Glu Asn Leu Pro Thr Leu Tyr Tyr Tip Gly Ala Gin Pro Thr Asp Ser Leu 
Ala Asn Ala Ala Trp Pro Gly Val Ala Met Gin Thr Asn Gly Asp Phe Lys Cys His Asp Leu Gly Val 
Glu Leu Thr Lys He Asn Ala lie Phe Ser Asp Asn Gly Ala Asn Lys Thr Ala Asp Leu Thr Val Thr 
Gly Ala Gly Cys Tyr Lys A sp Gly Thr Trp Ser Thr Leu Gin Asn Cys Gly Phe Glu He Thr Gly Ala 
Gin Thr Asn Pro Val Gly Gly Asp Glu Val Tip Tyr Phe Arg Gly Thr Ala Asn Asp Trp Gly Lys Ala 
Gin Leu Asp Tyr Asp Ala Thr Ser Gly Leu Tyr Tyr Thr He Gin Ser Phe Asn Gly Glu Glu Ala Pro 
Ala Arg Phe Lys lie Asp Asn Gly Ser Trp Thr Glu Ala Tyr Pro Thr Ala Asp Tyr Gin Val Thr Asp 
Asn Asn Ser Tyr Arg He Asn Phe Asn Ser Asp Ser Lys Ala ne Thr Val Asn Ala Gin 

SEQIDNO:103 

gtgctaacgtttcaccgcatcattcgaaaaggatggatgte^ 

aggctgccgcaccgtttaacggcaccatgatgcagteW . 
caacaacttatccagccttggcatcaccgctcmggctgccg^ 

cttgtetgacctcggcgaattcaatcaaaaagggaccgtccgcacaaaa^ 

gccgctggaatgcaagtgtacgccgatgtcgtgttcgaccataaaggcggcgccgacggcacggaatgggtggacgccgtcgaagtca^ 
cgtccgaccgcaaccaagaaatctcgggcacctatcaaa 

taagtggcgctggtaccatmgacggcgttgattgggacgaaagccgaaaattgagccgeatttacaaattccgcggcate 

gattgggaagtagacacggaaaacggaaactatgactacttaatgte^ 

actggggggaatggfetgtcaacacaacgaacattgatgggttcc^ 

atgtgcgttatcagactggcaagccgctatttaccgtcggggaa 

gaacgatgtcmgtttgatgccccgttacacaacaaattta 

ctcatgaaagatcaaccgacattggccgtcaccttcgttgataato^ 

tcaaaccgttggcttacgcctttattetaactcggcaggaagga 

gctgaaaagcaaaatcgatccgctcctcatcgcgcgcagggattatgc^ 

ggacaagggaaggggtcactgaaaaaccaggatccgggctggccgcactgatcacogatgggccgggaggaagcaaatg^ 
gcaaacaacacgctggaaaagtgttctatgaccttaccggc^^ 
gtcaatggcggttcggmcggtttgggttcctagaaaaacgarc 
gtccgttggaccgaaccacggttggtggcatggccttga 

Val Leu titf Phe His Arg He life Arg Lys Gly trp Met Phe Leu Leu Ala Phe Leu Liu tte Ata Ser 
Leu Phe Cys Pio Thr Gly Gin Pro Ala Lys Ala Ala Ala Pro Phe Asn Gly Thr Met Met Gin tyr Phe 
Glu Tip Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys Val Ala Asn Glu Ala Asn Asn Leu Ser Ser 
Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly Thr Ser Arg Ser Asp Val Gly Tyr Gly 
Val Tyr Asp Leu Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr 
Lys Ala Gin Tyr Leu Gin Ala He Gin Ala Ala His Ala Ala Gly Met Gin Val Tyr Ala Asp Val Val 
Phe Asp His Lys Gly Gly Ala Asp Gly Thr Glu Trp Val Asp Ala Val Glu Val Asn Pro Ser Asp Arg 
Asn Gin Glu He Ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe Asp Phe Pro Gly Arg Gly Asn 
Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His Phe Asp Gly Val Asp Trp Asp Glu Ser Arg Lys Leu 
Ser Arg He Tyr Lys Phe Arg Gly ne Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn 
Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val Val Thr Glu Leu Lys Asn 
Tip Gly Glu Trp Tyr Val Asm Thr Thr Asm Me Asp Gly Phe Arg Leu Asp Ala VaU Lys His tie Lys 
Phe .Ser Phs fke Pra> Asp Tip Lena Seir Tyr Val Arg Sss Gto Thr Gly Lys Pro Less Wis Tk Vat Gly 
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Glu Tyr Trp Se?r Tyr Asp He Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Giy Thr Met Ser Leu 
Phe Asp Ala Pro Leu His Asn Lys Phe Tyr Thr Ala Ser Lys Ser Gly Giy Ala Phe Asp Met Arg Thr 
Leu Met Thr Asn Thr Leu Met Lys Asp Gin Pro Thr Leu Ala Val Thr Phe Val Asp Asn His Asp 
Thr Glu Pro Gly Gin Ala Leu Gin Ser Trp Val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe He 
Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly lie Pro Gin Tyr Asn He 
Pro Ser Leu Lys Ser Lys He Asp Pro Leu Leu He Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin His 
Asp Tyr Leu Asp His Ser Asp He He Gly Trp Thr Arg Glu Gly Val Thr Glu Lys Pro Gly Ser Gly 
Leu Ala Ala Leu He Thr Asp Gly Pro Gly Gly Ser Lys Tip Met Tyr Val Gly Lys Gin His Ala Gly 
Lys Val Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp Thr Val Thr He Asn Ser Asp Gly Trp Gly Glu 
Phe Lys Val Asn Gly Gly Ser Val Ser Val Trp Val Pro Arg Lys Thr Thr Val Ser Thr He Ala Arg 
Pro He Thr Thr Arg Pro Trp thr Gly Glu Phe Val Arg Trp Thr Glu Pro Arg Leu Val Ala Trp Pro 



SEQIDNO:105 

atgtccctattcaaaaaaatctttccgtggattgta^ 

gtgttccagtgaatggaacgatgatgcaatatttcgaatggtaccte 

ttagcgaatcttggcattactgcccmggcttcccrc^ 

aggagagtttaatcaaaaaggaactgtccgaacaaaatacggaacaaaaacacaatatato 
tgcaagtatatgcagatgtcgtctttaaccataaa^ 

caagaaatatcaggaacatatcaaatccaagcgtggacaaaamgatmcctgg^gtggaaacacctattctagm 
mcgatggaacggactgggatgagagtagaaaactaaategta 

gaaaatgggaattatgactatetcatgtatgqagamggatatggatcatccagaggttgtatctgaactaa 
ccacaaccaatatcgacggattccgtetggatgcagtgaagcatatt 

aaaagcctettmgccgttggcgaatmggagctatgaca 

gccccgctgcataacaatttttatatagcatcgaaatcaggtggcta 

cactatcggtcacattagtagacaatcacgatactgagccagggca*^ 

ttatcttgacccgccaagaaggttatccgtgcatcttttatggag 

cgctgttaattgctcgaagagattatgcctacggaacacag 

gaaaaagcaaattcgggacttgctgcactcattaccgacg^ 

gttttatgatctaaccggcaatcgaagtgatacagtgacaatcaacgc 

ggttccaaaaacateaaccactteccaaateacatttactgtaaa 

cagctgggcaac 

SEQ ID NO: 106 

Met Ser Leu Phe Lys Lys He Phe Pro Trp ne Val Ser Leu Leu Leu Leu Phe Ser Phe He Ala Pro Phe 
Ser lie Gin ThrQlu Lys V*I Arg Ala Gly Ser Val Pn? Vd Asn GJ^T^ 

Gfy He tfcr AV^W£«» iNWho &a tyr Lys dly tte Vai : 
Tyr Asp Leu Tyr Asp Leu Gly Glu Phe Asn Gin Ly$ Gly thr Val Arg Thr Lys tyr Gfy thr Lys 
Thr Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala Gly Met Gin Val Tyr Ala Asp Val Val Phe 
Asn His Lys Ala Gly Ala Asp Gly Thr Gtu Leu Val Asp Ala Val Glu Val Asn Pro Ser Asp Arg Asn 
Gin Glu He Ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro Gly Arg Gly Asn Thr 
Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Ser Argiys Leu Asn 
Arg He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn Tyr 
Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp His Pro Glu Val Val Ser Glu Leu Lys Asn Trp 
Gly Lys Tip Tyr Val Thr Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Tyr 
Ser Phe Phe Pro Asp Trp Leu Ser Tyr Val Arg Thr Gin Thr Gin Lys Pro Leu Phe Ala Val Gly Glu 
Phe Trp Ser Tyr Asp lie Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly Ser Met Ser Leu Phe 
Asp Ala Pro Leu His Asn Asn Phe Tyr He Ala Ser Lys Ser Gly Gly Tyr Phe Asp Met Arg Ths- Leu 
Leu Asn Asn Thr Leu Me2 Lys Asp Gto Pro Tfcr Lsw Seir Vai lbs Lena Vail Asp Asua Mis Asp Hk 
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Glu Pro Gly Gin Ser Leu Gin Ser Trp Val Glu Pro Tip Phe Lys Pro Leu Ala Tyr Ala Phe He Leu 
Thr Arg Gin Glu Gly Tyr Pro Cys lie Phe Tyr Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro 
Ala Leu Lys Ser Lys Leu Asp Pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin His Asp 
Tyr He Asp Asn Ala Asp lie He Gly Trp Thr Arg Glu Gly Val Ala Glu Lys Ala Asn Ser Gly Leu 
Ala Ala Leu lie Thr Asp Gly Pro Gly Gly Ser Lys Trp Met Tyr Val Gly Lys Gin His Ala Gly Lys 
Thr Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp Thr Val Thr He Asn Ala Asp Gly Trp Gly Glu Phe 
Lys Val Asn Gly Gly Ser Val Ser lie Trp Val Pro Lys Thr Ser Thr Thr Ser Gin He Tlir Phe Thr Val 
Asn Asn Ala Thr Thr Val Trp Gly Gin Asn Val Tyr Val Val Gly Asn lie Ser Gin Leu Gly Asn 



SEQIDNO:107 

atggacagcctegacgcgccggagcagaagccctgggtgaaggatggcaggctctecgcgtawtgg^ 

gctcccgaggcacctgcgcccccgccgcccccggccga^ 

cgaccgmccaggatggcgacaagaccaacaacatggacgtg^ 

atcgacaagctcgactatateaaggagaccggttega^ 

aattaccatggttactggcccattgacttetatgac^ 

gaaagggctgaagatcgtgctegatattcccctgaaccacacggcc^ 

accatataggagatgtgaaggactgggaagatecctactgggctgaaaacggctccatattcggtcttcctgac^ 
ccgfggaaaagtaccteategacgtggcc^ 

acttctgggcgaagmgaccgggcgartcacgattatg^ 

cgcgaactaccagagagaggacatgagctcactctfcgatto^ 

gcaacctggcggcgaagcttgatgagtgcgacaggaattatcccgacccgggcctcatgtcgg 
cctcaccgaggccaacggcaacaaggataagctcaaactggcw 

gaggttgccatggaaggcaactgcgatatoatgggcgccgtaga 
cttcaagactctcaccactgcccgcaatgagcatgaatcrcto 

cgggaggcagaccccgaa^cgagtctategtggtgct^ 

cggcatcaagaacggcacggtgctgaaggatgtcatc*^ 

caaacaggcgcggatctacgtgcccgcgtag 

SEQIDNO:108 

Met Asp Ser Leu Asp Ala Pro Glu Gin Lys Pro Trp Val Lys Asp Gly Arg Leu Ser Ala Tyr Leu Asp 
Thr Gly Thr Gly Thr Val Val Ala Pro Glu Ala Pro Ala Pro Pro Pro Pro Pro Ala Glu Glu Val Arg 
Pro Val Asp Lys Trp Lys Asn Asp He He Tyr Phe Val Leu Thr Asp Arg Phe Gin Asp Gly Asp Lys 
Thr Asn Asn Met Asp Val Val Pro Thr Asp Met Lys Lys Tyr His Gly Gly Asp He Gin Gly Leu He 
Asp Lys Leu Asp Tyr He Lys Glu Thr Gly Ser Thr Ala He Tip Leu Thr Pro Pro Met Lys Gly Gin 
Thr His PtejPhe Glu Thr Asp Asn Tyr His Gly Tyr Tip Pro IJe Asp the Tyr Asp Thr Asp Pro His 

: . wmji^ 

His His lie Gly Asp Val Lys Asp Trp Glu Asp Pro tyr Tip Ala Glu Asn Gly Ser ne f>he Gly Leu 
Pro Asp Leu Ala Gin Glu Asn Pro Ala Val Glu Lys Tyr Leu He Asp Val Ala Lys Phe Trp Val Asp 
Lys Gly He Asp Gly Phe Arg Leu Asp Ala Val Lys Asn Val Pro Leu Asn Phe Trp Ala Lys Phe Asp 
Arg Ala He His Asp Tyr Ala Gly Lys Asp Phe Leu Leu Val Gly Glu Tyr Phe Asp Gly Asn Pro Ala 
Lys Val Ala Asn Tyr Gin Arg Glu Asp Met Ser Ser Leu Phe Asp Tyr Pro Leu Tyr Trp Thr Leu Lys 
Asp Thr Phe Ala Lys Asp Gly Ser Met Arg Asn Leu Ala Ala Lys Leu Asp Glu Cys Asp Arg Asn 
Tyr Pro Asp Pro Gly Leu Met Ser Val Phe Leu Asp Asn His Asp Thr Pro Arg Phe Leu Thr Glu Ala 
Asn Gly Asn Lys Asp Lys Leu Lys Leu Ala Leu Ala Phe Ala Met Thr He Asn Arg Met Pro Thr He 
Tyr Tyr Gly Thr Glu Val Ala Met Glu Gly Asn Cys Asp He Met Gly Ala Val Asp Asn Arg Arg 
Asp Met Gin Trp Asp Lys Asp Pro Asp Met Phe Lys Tyr Phe Lys Thr Leu Tlir Thr AlaArgAsn 
Glu His Glu Ser Leu Arg Glu Gly Lys Lys Leu Glu Met Trp Gin Asp' Asp Lys' Vd Tyr Ala Tyr Gly 
Arg Gto Thr Pm Lys Asp Glu Seir He VaE Val Lena Am Am Gly Ty? Asp TTtarGto Glu Arg Asp Be 
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Pro Leu Arg Pro Glu Ser Gly He Lys Asn G!y Thr Val Leu Lys Asp Val He Thr Gly Glu Thr Val 
Thr Val Gin Asn Gly Lys lie His Ala Lys Cys Gly Gly Lys Gin Ala Arg He Tyr Val Pro Ala 

SEQIDNO:109 

atggcaagaaaaacgctggccatattmcgtacttctagtgcttcttagtctctcggcagttccggcaaaggcagaaacte 

gttataatgcaggcmctattgggatgttcctggaggaggaatctggtgggacacaatagctcaaaagaUcccgaatgggcaagtgcaggaat 
ctcagcgatatggattccaccagcgagtaagggcatgagcggtggttatt^^ 

tcagaaggggacagttgagacgcgcttcggctcaaaggaagaactggtgaacatgataaacaccgcacactcctacggcataaaggtgatag 
cggacatagtcataaaccaccgcgccggtggagaccttgagtggaac^ 

cggtaaatatacggccaactaccttgacttccacccaaacgagc^ 

caaaagctgggaccagtactggctctgggcgagcagcgaaagctacgctgcctacctcaggagcataggggttgacgcct^ 
acgteaagggctacggagcatgggttgttaaegactggcte^^ 

gcactcctcaactgggcamcagcagcggcgccaaggtcmgacttcccgctctactacaagatggacgaagcc^ 
cggcattagtggatgcactcagatacggccagacagtggtcagccgcgatcccttcaag^ 

aatctggaacaagtatccggcttatgcattcatccttacctatgagggacagcctgttatatte 

taagcttaacaaccteatctggatacacgateaccttgctg^^ 

ggctatggcaccaaaccaggactgataacctatateaaccteggc^ 

gcatccacgagtacaccggcaacctcggcggttggatagacaagtacgtctcctccagcggctgggtctatcttgaggcccca 

ccggcgaacggctactacggctactctgtctggagctactgcggtgtgggttga 

• > • 

SEQ ID NO: 1 10 

Met Ala Arg Lys Thr Leu Ala He Phe Phe Val Leu Leu Val Leu Leu Ser Leu Ser Ala Val Pro Ala 
Lys Ala Glu Thr Leu Glu Asn Gly Gly Val lie Met Gin Ala Phe Tyr Tip Asp Val Pro Gly Gly Gly 
He Trp Tip Asp Thr lie Ala Gin Lys He Pro Glu Trp Ala Ser Ala Gly He Ser Ala He Trp He Pro Pro 
Ala Ser Lys Gly Met Ser Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp Leu Gly Glu 
Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Glu Glu Leu Val Asn Met He Asn Thr 
Ala His Ser Tyr Gly He Lys Val He Ala Asp He Val ne Asn His Arg Ala Gly Gly Asp Leu Glu Trp 
Asn Pro Phe Val Asn Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn 
Tyr Leu Asp Phe His Pro Asn Glu Leu His Cys Cys Asp Glu Gly Thr Phe Gly Gly Tyr Pro Asp He 
Cys His Asp Lys Ser Trp Asp Gin Tyr Tip Leu Trp Ala Ser Ser Glu Ser Tyr Ala Ala Tyr Leu Arg 
Ser ne Gly Val Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val Asn Asp Trp 
Leu Ser Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Leu Leii Asn Trp 
Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp Asn 
Thr Asn He Pro Ala Leu Val Asp Ala Leu Arg Tyr Gly Gin Thr Val Val Ser Arg Asp Pro Phe Lys 
Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Tip Asn Lys Tyr Pro Ala Tyr Ala Phe He 
Leu Thr TyrQhi Gly Qta Pro Vallle Phe Tyr Arg Asp Tyr Gtii Glu Trp Leu Asn Ly* Asp Lys Leu 
Ajm;A^..^ G^.^^^E^^f Tyr -V 

Glu Uaf IS $ij«S ^MAig ^:^fy:yyt Gty Thr Lys ifeGly t&* Ete Tfor Tfyr lie Asa Lei Cily S# 
Ser Lys Val Gly Arg Tip Val tyr Val Pro Lys Phe Ala Gly Ser Cys De His Glu Tyr Thr Gly Asn 
Leu Gly Gly Tip He Asp Lys Tyr Val Ser Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro Ala His Asp 
Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Trp Ser Tyr Cys Gly Val Gly 

» 

SEQ ID NO: 111 ... 

atgcccgcgttcaaafctaaggtgatgcacatgaagttgaagt^ 

gggtgctgccaagtactccgaactcgaagagggcggtgttataatgcaggccttctactgggacgte 

cataagacagaaaatcccggagtggtacgacgctggaatctc^ 

ggttatgacccctacgatttctttgacctcggcgagto 

tgataaacaccgcacactcctatggcataaaggtgatagcggacatagtcataaaccaccgcgcc 
taaacaactatacttggacagacttctecaaggtegcctcc 

gatgagggtecai&ggt^ctt&cg^cffl 
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tatctccggagcatagggatcgatgcatggcgmcgactacgtcaaaggttacggagcgtgggttgttaacgactggc 
gttgggccgttggagagtectgggacaccaacgttgatgcacte^ 

tacaagatggacgaagccmgacaacaccaacatccccgcmggtttocgccctccagaacggaggaacagtcgtttcc^ 

ggcagtaactttcgttgccaaccacgataccgatataatctggaacaagtatccggcttatgcgttcatccttaccmtga 

tctaccgcgactacgaggagtggcteaacaaggataagcttaacaac^ 

ctactacgataacgatgagctaatattcatgagggagggctacgggagcaagccgggcctcataacctacataaacctcggaaacgactggg 
ccgagcgctgggtgaacgtcggctcaaagtttgccggctacacaatccatgaatacacaggcaatctcggtggctgggttgacaggtgggttc 
agtacgacggatgggttaaactgacggcacctcctcacgatccagccaacggatattacggctactcagtctggagctacgcaggcgtcgg 
ga 

SEQIDN0:tI2 

Met Pro Ala Phe Lys Ser Lys Val Met His Met Lys Leu Lys Tyr Leu Ala Leu Val Leu Leu Ala Val 
Ala Ser lie Gly Leu Leu Ser Thr Pro Val Gly Ala Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He 
Met Gin Ala Phe Tyr Trp Asp Val Pro Thr Gly Gly lie Tip Trp Asp Thr He Arg Gin Lys He Pro 
Glu Trp Tyr Asp Ala Gly lie Ser Ala He Tip lie Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser 
Met Gly Tyr Asp Pro Tyr Asp Phe Phe Asp Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Ghi Thr 
Arg Phe Gly Ser Lys Glu Glu Leu Val Asn Met lie Asn Thr Ala His Ser Tyr Gly He Lys Val He 
Ala Asp lie Val He Asn His Arg Ala Gly Gly Asp Leu Glu Tip Asn Pro Phe Val Asn Asn Tyr Thr 
Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu 
Val Lys Cys Cys Asp Glu Gly Thr Phe Gly Asp Phe Pro Asp lie Ala His Glu Lys Ser Trp Asp Gin. 
Tyr Trp Leu Trp Ala Ser Asn Glu Ser Tyr Ala Ala Tyr Leu Arg Ser lie Gly lie Asp Ala Trp Arg 
Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val Asn Asp Trp Leu Ser Trp Trp Gly Gly Trp Ala 
Val Gly Glu Tyr Tip Asp Thr Asn Val Asp Ala Leu Leu Asn Trp Ala Tyr Asn Ser Gly Ala Lys Val 
Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp Asn Thr Asn lie Pro Ala Leu Val Tyr 
Ala Leu Gin Asn Gly Gly Thr Val Val Ser Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His 
Asp Thr Asp He He Trp Asn Lys Tyr Pro Ala Tyr Ala Phe He Leu Thr Tyr Ghi Gly Gin Pro Val lie 
Phe Tyr Arg Asp Tyr Glu Glu Tip Leu Asn Lys Asp Lys Leu Asn Asn Leu lie Trp He His Glu His 
Leu Ala Gly Gly Ser Thr Lys lie Leu Tyr Tyr Asp Asn Asp Glu Leu He Phe Met Arg Glu Gly Tyr 
Gly Ser Lys Pro Gly Leu lie Thr Tyr He Asn Leu Gly Asn Asp Trp Ala Glu Arg Trp Val Asn Val 
Gly Ser Lys Phe Ala Gly Tyr Thr lie His Glu Tyr Thr Gly Asn Leu Gly Gly Trp Val Asp Arg Tip 
Val Gin Tyr Asp Gly Tip Val Lys Leu Thr Ala Pro Pro His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr 
Ser Val Trp Ser Tyr Ala Gly Val Gly 

SEQ ID NO: 113 

atgaaacaacaaaaacggctttacgcccgattgctgacgctgttatttgcgctcatcttcttgct^ 
atg^cgetgatgeagjatmgrat^ 

gggatgtggteatc^cacaaaggcggcgtt 

tcaggagaacaccgaattaaagcctggac'acattfc^ 

ggaacegattgggacg&gteccgaaagctgaaccgcatctataagttte 

tatgattamgat^tgccgacatcgattatgaccatcctgatgtcgcagcagaaattaag^ 

ggacggtttccgtcttgatgctgtcaaacacattaaattte 

cggtagctgaatattggcagaatgacttgggcgcgctggaaaactatttgaacaaaacaaatttto 

cagttccatgctgcatcgacacagggaggcggctatgatatgaggaaatt^ 

camgtcgataaccatgatacacagccggggcaategcttgagtc 

ggaatctggataccctcaggttttctacggggatatgtacgggac 

ccgatcttaaaagcgagaaaacag^tgcgtacggagcacagcatgatutttcpccaccatgacatt 

agctcggttgcaaattcaggmggcggcattaataacegacgga^ 
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gacatggcatgacatteccggaaaecgttcg^ 
atttatgttcaaagatag 

SEQIDNO: 114 

Met Lys Gin Gin Lys Arg Leu Tyr Ala Arg Leu Leu Thr Leu Leu Phe Ala Leu He Phe Leu Leu Pro 
His Ser Ala Ala Ala Ala Ala Asn Leu Asn Gly Thr Leu Met Gin Tyr Phe GIu Trp Tyr Met Pro Asn 
Asp Gly Gin His Trp Lys Arg Leu Gin Asn Asp Ser Ala Tyr Leu Ala Glu His Gly He Thr Ala Val 
Trp He Pro Pro Ala Tyr Lys Gly Thr Ser Gin Ala Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp 
Leu Gly Glu Phe His Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys Gly Glu Leu Gin Ser Ala 
He Lys Ser Leii His Ser Arg Asp lie Asn Val Tyr Gly Asp Val Val He Asn His Lys Gly Gly Ala 
Asp Ala Thr Glu Asp Val Thr Ala Val Glu Val Asp Pro Ala Asp Arg Asn Arg Val He Ser Gly Glu 
His Arg He Lys Ala Trp Thr His Phe His Phe Pro Gly Arg Gly Ser Thr Tyr Ser Asp Phe Lys Trp 
His Trp Tyr His Phe Asp Gly Thr Asp Trip Asp G* u Ser Arg Lys Leu Asn Arg lie Tyr Lys Phe Gin 
Gly Lys Ala Trp Asp Tip Glu Val Ser Asn Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp lie 
Asp Tyr Asp His Pro Asp Val Ala Ala Glu He Lys Arg Trp Gly Thr Trp Tyr Ala Asn Glu Leu Gin 
Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Phe Ser Phe Leu Arg Asp Trp Val Asn His 
Val Arg Glu Lys Thr Gly Lys Glu Met Phe Thr Val Ala Glu Tyr Trp Gin Asn Asp Leu Gly Ala 
Leu Glu Asn Tyr Leu Asn Lys Thr Asn Phe Asn His Ser Val Phe Asp Val Pro Leu His Tyr Gin Phe 
His Alat Ala Ser Thr Glh Gly Gly Gly Tyr Asp Met Arg Lys Leu Leu Asn Gly Thr Val Val Ser Lys 
His Pro Leu Lys Ala Val Thr Phe Val Asp Asn His Asp Thr Gin Pro Gly Gin Ser Leu Glu Ser Thr 
Val Gin Thr Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Thr Arg Glu Ser Gly Tyr Pro Gin Val 
Phe Tyr Gly Asp Met Tyr Gly Thr Lys Gly Asp Ser Gin Arg Glu He Pro Ala Leu Lys His Lys He 
Glu Pro He Leu Lys Ala Arg Lys Gin Tyr Ala Tyr Gly Ala Gin His Asp Tyr Phe Asp His His Asp 
lie Val Gly Tip Thr Arg Glu Gly Asp Ser Ser Val Ala Asn Ser Gly Leu Ala Ala Leu lie Thr Asp 
Gly Pro Gly Gly Ala Lys Arg Met Tyr Val Gly Arg Gin Asn Ala Gly Glu Thr Trp His Asp He Thr 
Gly Asn Arg Ser Glu Pro Val Val He Asn Ser Glu Gly Trp Gly Glu Phe His Val Asn Gly Gly Ser * 
Val Ser lie Tyr Val Gin Arg 

SEQIDNO: 115 

atggcgaagtaetccgagctggagcagggcggagtcataatgcaggccte 

acggcagaagatccctgaatggtacgatgcaggcatatccg^ 

ggctacgacccctacgattacttegatctgggcgagt^ 

tgatctccacggcccaccagtacggcatcaaggttatagcggac^ 

gtcggcgactatacctggacggacttttetaaggtegectcc 

cagacg3gg{pacctteggtggcttccc3gacattga 

cctac ctc^e^atej^ 

g^tetMi^ 

cccttcaaggccgttaccttcgtg&ctaacwcgat^ 
cccgtcatettetaccgcgactacgaggagtggctcaac 
caccaagatcctctactacgacgacgatgagctcatc^ 
agcgactgggcggagagatgggtgaacgttggctcaaagte 
acaggtacgtcc agtec gacggctgggtcaa getter 

ccggagttggaagatctcatcaccatcaccatcactaa 
SEQIDNO: 116 

Met Ala Lys Tyr Ser Glu Leu Glu Gin Gly Gly Val He Met Gin Ala Phe Tyr Trp Asp Val Pro Glu 
Gly Gly He Trp Trp Asp Thr He Arg Gin Lys He Pro Glu Trp Tyr Asp Ala Gly He Ser Ala He Tip 
He Pro Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro Tyr Asp Tyr Phe Asp 

Leu Gly Gfoa Phe Tyr Gin Lys GUy Thr Val Giro Hk Airg Pfeg Gly Ssr Lys GM Gto Leu VaE Asn Met 
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He Set Thr Ala His Gin Tyr Gly He Lys Val lie Ala Asp He Val He Asn His Arg Ala Gly Gly Asp 
Leu Glu Trp Asn Pro Tyr Val Gly Asp Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr 
Lys Ala His Tyr Met Asp Phe His Pro Asn Asn Tyr Ser Thr Ser Asp Glu Gly Thr Phe Gly Gly Phe 
Pro Asp He Asp His Leu Val Pro Phe Asn Gin Tyr Trp Leu Trp Ala Ser Asn Glu Ser Tyr Ala Ala 
Tyr Leu Arg Ser lie Gly He Asp Ala Trp Arg Phe Asp tyr Val Lys Gly Tyr Gly Ala Trp Val Val 
Lys Asp Trp Leu Ser Gin Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp Asp Thr Asn Val Asp Ala Leu 
Leu Asn Trp Ala Tyr Ser Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala 
Phe Asp Asn Lys Asn He Pro Ala Leu Val Tyr Ala He Gin Asn Gly Glu Thr Val Val Ser Arg Asp 
Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asn He ne Trp Asn Lys Tyr Pro Ala Tyr 
Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp Tyr Glu Glu Trp Leu Asn Lys 
Asp Lys Leu Asn Asn Leu He Tip He His Glu His Leu Ala Gly Gly Ser Thr Lys He Leu Tyr Tyr 
Asp Asp Asp Glu Leu lie Phe Met Arg Glu Gly Tyr Gly Asp Arg Pro Gly Leu lie Thr Tyr He Asn 
Leu Gly Ser Asp Trp Ala Glu Arg Tip Val Asn Val Gly Ser Lys Phe Ala Gly Tyr Thr He His Glu 
Tyr Thr Gly Asn Leu Gly Gly Tip Val Asp Arg Tyr Val Gin Tyr Asp Gly Trp Val Lys Leu Thr Ala 
Pro Pro His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Tip Ser Tyr Ala Gly Val Gly Arg Ser 
His His His His His His 

SEQIDNO:U7 

ttgcgagtgttcctggttgtgccaaagctgagccgcccatttcaggcagagtcacaacaacaagacagggacataacaatgaaacacacaggg 
ggaatgctggcgatcgcaggtatgctgatcgcccccttggcgcatgccgatgtcatactgcacgccttcaactggaaataca 
ccaaggccgatctcatcaaggctgccggctacaagcaggtgctcatctcaccgcctctgaagtcctcgggcaacgag^ 
agccccaggatctgcgcctgg^gacacccccxttggcaacaa 

cgtctacgcggacgtggtgctcaaccacatggccaacgaaagctggaagcgcagcgacctcaactaccccggcagcgagctgctgcaaag 
ctacgccggcaatecggcctacmgaacgccagaagctcmggcgate 

tgcatcaccgactggaacaatccgggccatgtccagtactggcgactgtgcggcggggcgggtgacaaggggc 

acaactgggtggtgaac<^gcaacaggettacctgca 

agcgattaccagatcaacgccgtgttcacccccga 

acagcgactatgagaacttccteaaaccctacctcgacagcagcggcw 

tgggctacggcggcagcatgaacctgctggccgatecc 

cacgacatccccaccaacgacggtttccgctaccag 

ggttcgcctctggtctactccgatcacggtgaaaccag 

atgatccgcttccataacacagtgcagggtcaaccgat^ 

gtggtcggcatcaacaagtgcgactacgagcaggagtactggctcgataccgccagattcgagatgaactggta 
ctegaccagaatgccgtggtcaacgtgcagagccagtgggt^ 

SEQIDNp:il« 

Asp. Wlfelfatfttifc Sto £fe Q^h^ : i^U:j^"TO;^: Gfy Met leu lie Ah Pro Leu Ala His 
Ala Asp Val He Leu His Ala Phe Asn Trp Lys tyr Ser Glu Val thr Ala Lys Ala Asp Leu He Lys 
Ala Aia Gly Tyt Lys Gin Val Leu He Ser Pro Pro Leu Lys Ser Ser Gly Asn Glu Trp Tip Ala Arg 
Tyr Gin Pro Gin Asp Leu Arg Leu Val Asp Thr Pro Leu Gly Asn Lys Gin Asp Leu Glu Gin Leu He 
Ala Ala Met Gin Thr Arg Gly He Ala Val Tyr Ala Asp Val Val Leu Asn His Met Ala Asn Glu Ser 
Trp Lys Arg Ser Asp Leu Asn Tyr Pro Gly Ser Glu Leu Leu Gin Ser Tyr Ala Gly Asn Pro Ala Tyr 
Phe Glu Aig Gin Lys Leu Phe Gly Asp Leu Gly Gin Asn Phe Leu Ala Gly Gin Asp Phe His Pro 
Glu Gly Cys He Thr Asp Tip Asn Asn Pro Gly His Val Gin Tyr Trp Arg Leu Cys Gly Gly Ala Gly 
Asp Lys Gly Leu Pro Asp Leu Asp Pro Asn Asri Trp Val Val Asn Gin Gin Gin Ala Tyr Leu Gin 
Ala Leu Lys Gly Met Gly He Lys Gly Phe Arg Val Asp Ala Val Lys His Met Ser Asp Tyr Gin ne 
Asn Ala Val Phe Thr Pro Glu He Lys Gin Gly Met His Val Phe Gly Glu Val He Thr Thr Gty Gly 
Ala Gly Asn Ser Asp Tyr Glu Asn Phe Leu Lys Pro Tyr Leu Asp Ser Ser Gly Gin Gly Ala Tyr Asp 
Phe Pro Leia Phe Ala Ser Leu Airg Gly Ala lew Gly Tyir Gly Gly Ser Met Am Lena Lea Ala Asp Pro 
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Gly Ala Tyr Gly Gin Ala Leu Pro Gly Ser Arg Ala Val Thr Phe Ala He Thr His Asp lie Pro Thr 
Asn Asp Gly Phe Arg Tyr Gin He Leu Asn Gin Thr Asp Glu Arg Leu Ala Tyr Ala Tyr Leu Leu Gly 
Arg Asp Gly Gly Ser Pro Leu Val Tyr Ser Asp His Gly Glu Thr Arg Asp Lys Asp Gly Leu Arg Trp 
Gin Asp Tyr Tyr Leu Arg Thr Asp Leu Lys Gly Met lie Arg Phe His Asn Thr Val Gin Gly Gin Pro 
Met Gin Leu He Gly Ser Asn Asp Cys Phe Val Leu Phe Lys Arg Gly Lys Gin Gly Val Val Gly He 
Asn Lys Cys Asp Tyr Glu Gin Glu Tyr Trp Leu Asp Thr Ala Arg Phe Glu Met Asn Trp Tyr Arg 
Asn Tyr Arg Asp Val Leu Asp Gin Asn Ala Val Val Asn Val Gin Ser Gin Trp Val Arg Leu Thr He 
Pro Ala Arg Gly Ala Arg Met Trp Leu Gin Glu 

SEQIDNO:lI9 

atgcaaacgWgcattcttattttactcaaagaaagg 
tcatttcctttcttacaccttttteaacagcacaagctaa 
gacgctttggacgaaagtaaaaaatgaagctaccaatctttcttcacte^ 
aaagcgatgtcggatacggtgtttacgatttatatgaccttggggaatnaatcaaaaagggacgatcc 

atata ttcaagccattcaaac tgcccaagccgcagggatgcaagtatatgcggatgttgtatttaa tea taaggcaggggctgac agtacaga att 

tgtcgatgcagttgaggtaaacccttctaatcgaaatca^ 

gaaacacatactecagcttcaaatggcgctggtara 

tacaggaaaagcgtgggactgggaagtcgatecagaaaacg^ 

gacagaattaaaaaactggggaacgtggtacgteaatactaca^ 

cctgactggctaacatatgtacgtaatcaaacaggaaaaaatttafflgccgttggg 

tacaaaaacaaatggg^cgatgtcattatttgatgcacccttgcataacaacttttataccgcttccaaatcg^ 
tgaataatacattaatgaaagatcaaccttcactcgctgtaacacttgtcga 

aaccttggtttaaacagcttgcttacgcctttattttaacaagac 
atcccggggttaaaaagtaaaatcgacccgcttttaattg 

cggatggacacgagaaggcattgatgcaaaaccgaactctggactggcggcmaattaccgacggtcdtggtggaagte 
ggtaaaaagcatgccgggaaagtattttatgatttaactggmte 
aacggaggatccgtctcaamgggtggctaaaacgfcaaac^ 
ttgtcggcaacattccagagctaggcaattgtcgcacgggttaa 

SEQIDNO:120 

Met Gin Thr Phe Ala Phe Leu Phe Tyr Ser Lys Lys Gly Trp Val Cys Met Asn Tyr Leu Lys Lys Val 
Trp Leu Tyr Tyr Ala He Val Ala Thr Leu He He Ser Phe Leu Thr Pro Phe Ser Thr Ala Gin Ala Asn 
Thr Ala Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Tip Asp Leu Pro Asn Asp Gly Thr Leu 
Tip Thr Lys Val Lys Asn Glu Ala Thr Asn Leu Ser Ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro 
Ala Tyr Lys Gly Thr Ser Gltt Ser Asp Val Gly Tyr Gly Val Tyr Asp Leu Tyr Asp Leu Gly Glu Phe 
Asn Gin Ljp Qly Thr Arg Tiff Ly$ Tyr Gly Thr Lys Tlir Gto Tyr^e Qfa Al* Be Gin Thr Ala 

Pte Vat ^#fc)^fr^ %z TyrGtoHei G\k 

Ala Trp Thr Lys Phe Asp Phe Pro Gly Arg Gly Asn Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His 
Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg He Tyr Lys Phe Arg Gly Thr Gly Lys 
Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp 
Met Asp His Pro Glu Val Val Thr Glu Leu Lys Asn Trp Gly Thr Trp Tyr Val Asn Thr Thr Asn He 
Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Tyr Ser Phe Phe Pro Asp Trp Leu^Thr Tyr Val 
Arg Asn Gin Thr Gly Lys Asn Leu Phe Ala Val Gly Glu Phe Tip Ser Tyr Asp Val Asn Lys Leu His 
Asn Tyr lie Thr Lys Thr Asn Gly Ser Met Ser Leu Phe Asp Ala Pro Leu His Asn Asn Phe Tyr Thr 
Ala Ser Lys Ser Ser Gly Tyr Phe Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin 
Pro Ser Leu Ala Val Thr Leu Val Asp Asn His Asp Thr Gin Pro Gly Gin Ser Leu Gin Ser Trp Val 
Glu Pro Trp Phe Lys Gin Leu Ala Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe 
Tyr Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Gly Leu Lys Ser Lys He Asp Pro Leu Leu He 
Ak Airg Arg Asp Tyir Ah Tyir Gly Ths Gta Arg Asp Tyir Me Asp His Gto Asp 3® Ife Gly Trp Iter 
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» 

Arg Glu Gly He Asp Ala Lys Pro Asn Ser Gly Leu Ala Ala Leu He Thr Asp Gly Pro Gly Gly Ser 
Lys Tip Met Tyr Val Gly Lys Lys His Ala Gly Lys Val Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp 
Thr Val Thr He Asn Ala Asp Gly Tip Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser He Trp Val 
Ala Lys Thr Ser Asn Val Thr Phe Thr Val Asn Asn Ala Thr Thr Thr Ser Gly Gin Asn Val Tyr Val 
Val Gly Asn He Pro Glu Leu Gly Asn Cys Arg Thr Gly 

SEQlDNO:12l 

atgctcgccctgtcgctcggcggctgcggcatcgacgcgggcccgacaggccctcgcgtcgtggagccgctgccgcagcgccccacgcttc 

cgcaggagtaccgcgccagcggccacgcggpcgccggcgacgtgttcgtgcacctgttcgagtggaagtggccggacatcgcggaggaat 
gcgag^cgtgctggggccggcgggctacgaggcggtgc^^ 

gcagcggtaccagccggtgagctactcggtggcgctpgccgcagcggcacgggcgtggagttcagcaacatgatcagccggtgcaagg 
cgccggcgtggacatctacgtggacgccgtcatcaaccacatgacggccggtgcggggacggggagcaa 

caaptaccccggcctgtacgcgcaggcggactttCacccgcagtgcgcggtgggcgactacaccagcgccgccaacgtgcaggactgcga 
actgctggggctggctgacctgaacaccggcgcggcc 

ggcgggttttegcatcgacgccgccaagcacatecag 

ggggcgcccgcttccctactggttegccga 

caccggcggcgccgcggacatcacggagttccgctacaagggcgtgggcgacaagttcctgggcagcggcggccagcggctggt^ 

tgaagaacttctcggcggtgacgtggaacctgatgccgtcggacaaggecgtcgtctttctggagaaccacga 

atcggctaccgcgiatggcacggcgttccggetggccaacgtgtggatgctggcgcagccgtacggctatcc 

cmgaccgcacctcccccmggccgcgacgccggcccgecctccgaggacggcgcgacgaaggacgtgacgtgcgcgcccacgctgga 
gacggcggtgctgggcacctgggtgtgcgagcaccgc^ 

cctgaaccgctggtgggacaacggcggcaacgccattgcctt^ 

accatggcggccgtgcccagcggactgtcccccggcacctactgcgacgtgctgaccggcggcaaggtgggcaacgcctgcgcgggaac 

cagcgtgacggtcgactctcagggcgtggtgcagctgagcatcgtcgagaacteggctctggtgatccacctcggggccaagctgtaacggc 
gcgctggcggatgtgcggaggg 

SEQIDNO:122 

Met Leu Ala Leu Ser Leu Gly Gly Cys Gly He Asp Ala Gly Pro Thr Gly Pro Arg Val Val Glu Pro 
Leu Pro Gin Arg Pro Thr Leu Pro Gin Glu Tyr Arg Ala Ser Gly His Ala Ala Ala Gly Asp Val Phe 
Val His Leu Phe Glu Tip Lys Trp Pro Asp He Ala Glu Glu Cys Glu Asn Val Leu Gly Pro Ala Gly 
Tyr Glu Ala Val Gin Val Ser Pro Pro Gin Glu His Leu Val Gin Gin Gly Ala Pro Tip Trp Gin Arg 
Tyr Gin Pro Val Ser Tyr Ser Val Ala Leu Ser Arg Ser Gly Thr Gly Val Glu Phe Ser Asn Met He 
Ser Arg Cys Lys Ala Ala GJy Val Asp lie Tyr Val Asp Ala Val ne Asn His Met Thr Ala Gly Ala 
Gly Thr Gly Ser Asn Gly Thr Ala Tyr Thr Lys Tyr Asn Tyr Pro Gly Leu Tyr Ala Gin Ala Asp Phe 
His Pro Gin Cys Ala Val Gly Asp Tyr Thr Ser Ala Ala Asn Val Gin Asp Cys Glu Leu Leu Gly Leu 
Ala Asp Leu Asn Thr Gly Al* Ala Gly Val Gln Gbi Lys He Ala Asp Tyr Leu Val Ser Leu Ala Arg 

•' /tip j^^i^^imtm Aie it? Asp 

Asn Gly Gly Glu Gly Val Arg Arg Glu His Tyr tyr Gly Leu Gly Tyr Gly thr Gly Gly Ala Ala Asp 
He Thr Ghi Phe Arg Tyr Lys Gly Val Gly Asp Lys Phe Leu Gly Ser Gly Gly Gin Arg Leu Val Asp 
Leu Lys Asn Phe Ser Ala Val Thr Trp Asn Leu Met Pro Ser Asp Lys Ala Val Val Phe Leu Glu Asn 
His Asp Thr Gin Arg Gly Gly Gly He Gly Tyr Arg Asp Gly Thr Ala Phe Arg Leu Ala Asn Val Trp 
Met Leu Ala Gin Pro Tyr Gly Tyr Pro Ser Val Met Ser Ser Tyr Ala Phe Asp Arg Thr Ser Pro Phe 
Gly Arg Asp Ala Gly Pro Pro Ser Glu Asp Gly Ala Thr Lys Asp Vat Thr Cys Ala Pro Thr Leu Glu 
Thr Ala Val Leu Gly Thr Tip Val Cys Glu His Arg Asp Pro Val He Gin Arg Met Val Gly Phe Arg 
Arg Ala Met Ala Gly Thr Asp Leu Asn Arg Trp Trp Asp Asn Gly Gly Asn Ala He Ala Phe Ser Arg 
Gly Asp Arg Gly Phe Val Ala ne Ser Arg Glu Pro Lys Val Thr Met Ala Ala Val Pro Ser Gly Leu 
Ser Pro Gly Thr Tyr Cys Asp Val Leu Thr Gly Gly Lys Val Gly Asn Ala Cys Ala Gly Thr Ser Val 
Thr Val Asp Ser Gin Gly Val Val Gin Leu Ser He Val Glu Asn Ser Ala Leu Val He His Leu Gty 
Ala Lys Leu Arg Arg Ala Gly Gly Cys Ala Glu 
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SEQ ID NO: 123 

atgccccaggccattcgcacttmcacgttggac^ 

aggcccagacaaccccggcccgfaccgttotggttcac 
cgaaaggemgccgcaatccaggtatcgccgccccagg 

atcgagagccgctccggcacccgggccgagttcgccaatatggtctcgcgctgcaaagccgtcggggtcgatatctatgtcgatgccgtgate 
aaccatatgacgactgtcggctccggcactggUtggctggatc^ 

accactgcgggcgcaatggcaacgatgatatcagcagctacggcgatcgctgggaagtacaaaactgcgaactgctc^ 

aacaccggcgctgagtatgtccggggteaactcgcxgcctotatgaacgatctgcgcggcctgggcgtcgccggamc 
aagcacatggataccaacgacatcaacaatatcgttggccgcct^ 

gccaattaccgecggcgaatacttccagaatggcgatgtgaccgagttcaagtacagccgcgagate 
gacccatatgagc^agttcggcactgcctggggcttcatgtccagcgacctggcagUgtttto 

cggcggcgccggcgatgtettgacctacaaagatggccagctgUcaccctgggcaatatcttc 
ggtcatgtcgagctacacgtteagcaacggc^ 

gctgggtct^gagcaccgctggcgaggaatc^ 

agcaacggcaacaa«»gatcgemcagccgcgggaccctgggc^ 

aaccggcctgcccgtcggcacctactgcgatgtcatt^^ 

ggctccggacaggcaaccalcacggtcaacgcgatggacgcggtggcgatctacggcggagccagg 
gtgacattcaacgaaaacgccacgaccacctgggggcagaat^^ 

gcgcggtcttectctcctccgctaactacccaatctggag 

ggatggcgcgggcaatgtggtgigggaaagcggcgccaaccgcgfc^ 

gaaatag 

SEQ ID NO: 124 

Met Pro Gin Ala He Arg Thr Phe Ser Arg Trp Thr Leu Phe Gly Leu He Gly Val Phe Leu Leu Gly 
Leu Val Phe Ser Val Pro Pro Arg Ala He Gin Ala Gin Thr Thr Pro Ala Arg Thr Val Met Val His 
Leu Phe Glu Trp Lys Tip Thr Asp lie Ala Lys GIu Cys GIu Asn Phe Leu Gly Pro Lys Gly Phe Ala 
Ala He Gin Val Ser Pro Pro Gin Glu His Val Gin Gly Ser Gin Trp Trp Thr Arg Tyr Gin Pro Val Ser 
Tyr Lys He Glu Ser Arg Ser Gly Thr Arg Ala Glu Phe Ala Asn Met Val Ser Arg Cys Lys Ala Val 
Gly Val Asp lie Tyr Val Asp Ala Val He Asn His Met Thr Thr Val Gly Ser Gly Thr Gly Met Ala 
Gly Ser Thr Tyr Thr Ser Tyr Thr Tyr Pro Gly Leu Tyr Gin Thr Gin Asp Phe His His Cys Gly Arg 
Asn Gly Asn Asp Asp He Ser Ser Tyr Gly Asp Arg Tip Glu Val Gin Asn Cys Glu Leu Leu Asn 
Leu Ala Asp Leu Asn Thr Gly Ala Glu Tyr Val Arg Gly Lys Leu Ala Ala Tyr Met Asn Asp Leu 
Arg Gly Leu Gly Val Ala Gly Phe Arg He Asp Ala Ala Lys His Met Asp Thr Asn Asp He Asn Asn 
He Val Gly Arg Leu Pro Asn Ala Pro Tyr He Tyr Gin Glu Val He Asp Gin Gly Gly Glu Pro He Thr 
Ala Gly GIu Tyr Pfce Qfy As* Gty Asp Val TV Glu Phe Lys Tyr Ser ArgGhrfle Ser Arg Met Phe 

Lys Asp Gly Glti Leu ifyr thr Leu Gly Asn Be Phe GhiLetl Ala Trp Pro Tyt Gly Tyr Pro Gin Val 
Met Ser Ser Tyr Thr Phe Ser Asn Gly Asp Gin Gly Pro Pro Ser Thr Asn Val Tyr Ala Thr Thr Thr 
Pro Asp Cys Gly Asn Gly Arg Trp Val Cys Glu His Arg Tip Arg Gly He Ala Asn Met Val Ala Phe 
Arg Asn Tyr Thr Ala Pro Thr Phe Ser Thr Ser Asn Tip Trp Ser Asn Gly Asn Asn Gin He Ala Phe 
Ser Arg Gly Thr Leu Gly Phe Val Ala He Asn Arg Gtu Gly Gly Ser Leu Asn Arg ThuPhe Gin Thr 
Gly Leu Pro Val Gly Thr Tyr Cys Asp Val He His Gly Asp Phe Asn Ala Ser Ala Gly Thr Cys Ser 
Gly Pro Thr He Ala Val Asn Gly Ser Gly Gin Ala Thr He Thr Val. Asn Ala Met Asp Ala Val Ala fle 
Tyr Gly Gly Ala Arg Leu Ala Thr Pro Ala Ser Val Asn Val Thr Phe Asn GIu Asn Ala Thr Thr Thr 
Trp Gly Gin Asn Val Tyr He Val Gly Asn Val Ala Ala Leu Gly Ser Trp Asn Ala Gly Ser Ala Val 
Leu Leu Ser Ser Ala Asn Tyr Pro He Tirp Ser Lys Thr ne Ala Leu Pro Ala Asn Thr Ala He Glu Tyr 
Lys Tyr He Lys Lys Asp Gly Ala Gly Asn Val Val Tip Glu Ser Gly Ala Asn Airg Vafl Phe Thr Thr 
Pro Gly Ser Gly Ser Ala Thr Arg Am Asp Tte Tap Lys 
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SEQIDNO:125 

gtggjgcacatgaagttgaagtaccttgccttagtm^ 

aactcgaagagggcggtgttataatgcaggccttctactgggatgttcccggagggggaatctggtgggacaccataagacagaaaatcccg 
gagtggtacgacgctggaatctcggcgatatggattc^^ 

cmgacctcggcgagtactatcagaagggaacagttgagacgcgcttcggctcaaaggaggaactggtgaacatgataaacaccgcaca^ 

ctatggcataaaggtgatagcggacatagtcataaaccaccgcgccggtggagaccttgagtggaaccwmgtaaacaactatacttgg 

gacttctccaaggtcgcctccggtaaatacacggccaactaccttgacttccacccaaacgaggtcaagtgctgcgatgagggtacam 

cmccggacatcgcccacgagaagagctgggatcagtactggctctgggcaagcaatgagagctacgccgcatatctccg^ 

tcgatgcatggcgmcgactacgtcaaaggtocggagcgtgggttgttaatgactggctcagctggtggg^ 

ctgggacacgaacgttgatgcactccttaactgggcate^ 

tttgacaacaccaacatccccgctttggtttacgccctccagaacggaggaacagtcgtttccc 

aaccacgatacagalataatctggaacaagtatccggcttatgcgttcatccttacctatgagggacagcc 

agtggctcaacaaggataagcttaacaaccttatptggatacacga^ 

gctaatattcatpgggagggctacgggagcaagccgggcctc^taacctacataaacctcggaaac 

gtcggctcaaagmgccggctaca<^tccatgaatacacaggcaatctcggtggctgggttgacaggtg 

aactgacggcacctcctcatgatccagccaacggatattacggctactcagtctggagctacgcaggcgtcggatga 

SEQIDNO: 126 

Val Val His Met Lys Leu Lys Tyr Leu Ala Leu Val Leu Leu Ala Val Ala Ser lie Gly Leu Leu Ser . 
Thr Pro Val Gly Ala Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val He Met Gin Ala Phe Tyr Trp 
Asp Val Pro Gly Gly Gly lie Tip Trp Asp Thr Be Arg Gin Lys He Pro Glu Trp Tyr Asp Ala Gly He 
Ser Ala He Trp He Pro Pro Ala Ser Lys Gly Met Gly Gly Gly Tyr Ser Met Gly Tyr Asp Pro Tyr 
Asp Phe Phe Asp Leu Gly Glu Tyr Tyr Gin Lys Gly Thr Val Glu Thr Arg Phe Gly Ser Lys Glu Glu 
Leu Val Asn Met He Asn Thr Ala His Ser Tyr Gly He Lys Val He Ala Asp ne Val He Asn His Arg 
Ala Gly Gly Asp Leu Glu Trp Asn Pro Phe Val Asn Asn Tyr Thr Trp Thr Asp Phe Ser Lys Val Ala* 
Ser Gly Lys Tyr Thr Ala Asn Tyr Leu Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr 
Phe Gly Asp Phe Pro Asp lie Ala His Glu Lys Ser Trp Asp Gin Tyr Trp Leu Tip Ala Ser Asn Glu 
Ser Tyr Ala Ala Tyr Leu Arg Ser He Gly He Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly 
Ala Tip Val Val Asn Asp Trp Leu Ser Trp Trp Gly Gly Tip Ala Val Gly Glu Tyr Trp Asp Thr Asn 
Val Asp Ala Leu Leu Asn Trp Ala Tyr Asp Ser Gly Ala Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys 
Met Asp Glu Ala Phe Asp Asn Thr Asn He Pro Ala Leu Val Tyr Ala Leu Gin Asn Gly Gly Thr Val 
Val Ser Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His Asp Thr Asp He He Trp Asn Lys 
Tyr Pro Ala Tyr Ala Phe He Leu Thr Tyr Glu Gly Gin Pro Val He Phe Tyr Arg Asp Tyr Glu Glu 
Trp Leu Asn Lys Asp Lys Leu Asn Asn Leu He Tip ne His Glu His* Leu Ala Gly Gly Ser TTir Lys 
He Leu T>nr Tyr Asp Asn Asp Glu Urn He f he Met Afg Glu Qly TyrGIy Ser Lys Pro CHy Leu ne 

Lys Leu TTir Ala Pro Pro His Asp Pro Ala Asn Gly Tyr Tyr Gly Tyr Ser Val Tip Ser Tyr Ala Gly 
Val Gly 

* ■ 

SEQ ID NO: 127 

gtgtgcatgaatutUgaaaaaagtgtggttgtattacgctatcgtcgctaccttaatcat^ 

tgcaccagtcaacggaacgatgatgcaatatttcgaatggga^ 

ctttcttctttaggtattactjgcgttatg^ttaccacctgcatac^ 

aggagaatttaatcaaaaagggacgattcgaacgaaatacggaacaaaaac 

gcaagtatacgctgatgjcgtatttaatcacaaggcgggggc 

aagaaacatetggcacatatcaaattcaagcatgpcaaaatttgat^ 

atmgacggtacggattgggatgaaagccgaaaactaaatcgtatttac^ 

gagfificggMactatgac^ttaatgtot^ 
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aatacgacaaatgtcgatgggmcgcttagatgcagtaaagcatatta^^ 
aaaaaatcttttgcagtaggagaattttggagctacgatgtcaataaactgc^ 
cgccacttcataacaacttttacactgcttcaaaatctagcgggtat^ 
tgcggtcacactcgttgataatcatgacacgcaaccggga^ 

gacaagacaagaaggatatccngcgtattttacggcgactattacggcatccctaaatacaacattccgggattgaaaagta 

tctcattgcccgtagagactacgcatacggaacacaacgtgattatattgaccatcaagacattattggatggacacgggaaggaattgactcaa 

aaccgaactctggacngcggctttaattactgacggccctggtggaagtaaatggatgtatgtagigtaaa 

atctcactggaaatcgaagcgatacggtaacgattaatgcagacggc^ 

aaaacatcacaagtcacgtttaccgtcaacaatgcgacaacgataagc^ 

gaacacagcaaacgcaatcaaaatgaccccatcttcttatccaacgtggaaagcaaccattgctcttccacaa 
tattaaaaaagaccaatcgggaaatgngmgggaaagcanccaaaccgaacatacaccgnccatttttatca 
ggaatgtaccttaa 

SEQIDNO:128 

Val Cys Met Asn Tyr Leu Lys Lys Val Trp Leu Tyr Tyr Ala lie Val Ala Thr Leu lie He Tyr Phe 
Leu Thr Pro Phe Ser Thr Ala Gin Ala Asn Thr Ala Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu 
Trp Asp Leu Pro Asn Asp Gly Thr Leu Trp Thr Lys Val Lys Asn Glu Ala Ser Ser Leu Ser Ser Leu 
Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly Thr Ser Gin Gly Asp Val Gly Tyr Gly Val 
Tyr Asp Leu Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tyr Gly Thr Lys Thr 
Gin Tyr Leu Gin Ala lie Gin Ala Ala Lys Ser Ala Gly Met Gin Val Tyr Ala Asp Val Val Phe Asn 
His Lys Ala Gly Ala Asp Ser Thr Glu Trp Val Asp Ala Val Glu Val Asn Pro Ser Asn Arg Asn Gin 
Glu Thr Ser Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe Asp Phe Pro Gly Arg Gly Asn Thr Tyr 
Ser Ser Phe Lys Trp Arg Trp Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg 
He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn Tyr Asp 
Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro Glu Val Val Thr Glu Leu Lys Asn Trp Gly 
Thr Trp Tyr Val Asn Thr Thr Asn Val Asp Gly Phe Arg Leu Asp Ala Val Lys His lie Lys Tyr Ser 
Phe Phe Pro Asp Trp Leu Thr His Val Arg Ser Gin Thr Arg Lys Asn Leu Phe Ala Val Gly Glu Phe 
Trp Ser Tyr Asp Val Asn !,ys Leu His Asn Tyr He Thr Lys Thr Ser Gly Thr Met Ser Leu Phe Asp 
Ala Pro Leu His Asn Asn Phe Tyr Thr Ala Ser Lys Ser Ser Gly Tyr Phe Asp Met Arg Tyr Leu Leu 
Asn Asn Thr Leu Met Lys Asp Gin Pro Ser Leu Ala Val Thr Leu Val Asp Asn His Asp Thr Gin 
Pro Gly Gin Ser Uu Gin Ser Trp Val Glu Pro Tip Phe Lys Pro Leu Ala Tyr Ala Phe ne Leu Thr 
Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Gly 
Leu Lys Ser Lys He Asp Pro Leu Leu He Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin Arg Asp Tyr 
lie Asp His Gin Asp ne He Gly Trp Thr Arg Glu Gly He Asp Ser Lys Pro Asn Ser Gly Leu Ala Ala 
Leu He Thr Asp Gly Pro Gly Gly Ser Lys Trp Met Tyr Val Gly Lys Lys His Ala Gly Lys Val Phe 
Tyr Asp Leu Thr Gly Asn.Arg S^r Asp Thr Val Thr He Asn Ala Asp Gly Tip Gly Glu Phe Lys Val 
Asn^^ '.* 
Tiv Ite StoGfy^ AOTl^^lfe^aAsh 
Ala Ife Lys Met Thr Pro Ser Ser Tyr Pro Thr Trp Lys Ala Thr He Ala Leu Pro Gin Gly Lys Ala He 
Glu Phe Lys Phe He Lys Lys Asp Gin Ser Gly Asn Val Val Trp Glu Ser ne Pro Asn Arg Thr Tyr 
Thr Val Pro Phe Leu Ser Thr Gly Ser Tyr Thr Ala Ser Trp Asn Val Pro 

SEQID NO: 129 

ttgcgttgccgccgtggcagggacgggtgttggtgcgggcggcgtaa^ 

aataggatgggggtgtcaagaatgacaaaatetcpgagttgc^ 

tcttccgcgtccgccggcgtattgatgcaaggcttctactggg 

ccaacggtctaaaacgggcggggttcaccgccgtatggattecto 

tgacgactatgatatcggaagcaaggaccagaaaggtacc^ 

gatgcgcgcgaacggtctggatgtgtatgtggaictggtgc^^ 

gtacggcaaagtgggttacgggcggt^aaaaggggtttftta^ 
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cagcttcgggcgcgatttagcccatgacaatccgtatgtggccgat^ 

gggatatcgtctggattacgtgaaaggcatcagctacaccttcctgaaaagttatctgtcctatggggccatgaacggaaaatttgccgtcggtga 

gtactgggatgccaaccgggatacgttgaactggtgggcgaacacggcgatggaagggcgggcccatgtgtttgatmgcgngcgc 

agctgaaaaacatgtgcaatgcggacgggtactacgacatgcgtcgattggaccacgcgggtctggtcggaatcgacccgtgg^ 

gacgtttgtcgaaaaccatgatacggatcggcacgaccccatctacaataacaagcatttggcgtatgcctacatcttgacgtcggaagggtatc 

cgacggtgttctggaaggattactaccaatacggaatgaagccgatcatcgacaacctcamggatccacgaacacattgcgtacggaacgac 
ccaagagcgttggaaagacgaagatgtcmg^tgagcggaccg^ 

gcaaaacggtcaccgtacagaccggctttggtgccaacgtggccttgcacgactacaccggcaacggccccgatctccgtaccgacgcctac 
ggtcgggtaaccttgaccattcctgcaaacggg^cgtggcctatta 

gcaggagmgccggggcgtccgacUggatancgtccggccgataacacgcaamgtgcaggtcgggcgga 

gccggttacagcggaattgtattgggatgccaaagactggac^ 

acgacaaagaccgtgacccaattgtcgtcccagggtaccc^ 

aacacgccttcgacgaacccaaagccggcctactggttaaaggtaacgtatacggcgccgcaangcttcag^aa 
SEQIDNO: 130 

Met Arg Cys Arg Arg Gly Arg Asp Gly Cys Tip Cys Gly Arg Arg Asn Ala Leu Pro Arg His Pro 
Arg Glu Gin Asn Asn Met Asn Tyr Leu Asn Arg Met Gly Val Ser Arg Met Thr Lys Ser Arg Glu 
Leu Arg Cys SeT Tip Lys Val Phe Val Val Gly Cys Leu Leu Trp Met Ala Trp Gly Ser Ser Ala Ser 
Ala Gly Val Leu Met Gin Gly Phe Tyr Trp Asp Ala Ser Thr Gly Thr Ser Asp Ser Trp Trp Thr Hi* 
Leu Ala Lys Gin Ala Ash Gly Leu Lys Arg Ala Gly Phe Thr Ala Val Trp He Pro Pro Val Leu Lys . 
Gly Ala Ser Gly Gly Tyr Ser Asn Gly Tyr Asp Pro Phe Asp Asp Tyr Asp He Gly Ser Lys Asp Gin 
Lys Gly Thr Val Ala Thr Arg Trp Gly Thr Arg Glu Glu Leu Gin Arg Ala Val Ala Val Met Arg Ala 
Asn Gly Leu Asp Val Tyr Val Asp Leu Val Leu Asn His Arg Asn Gly Asp Asp Gly Asn Trp Asn 
Phe His Tyr Lys Asp Ala Tyr Gly Lys Val Gly Tyr Gly Arg Phe Gin Lys Gly Phe Tyr Asp Phe His 
Pro Asn Tyr Asn He Gin Asp Ala Asn Val Pro Asn Glu Asp Ser Ser Phe Gly Arg Asp Leu Ala His 
Asp Asn Pro Tyr Val Ala Asp Gly Leu Lys Ala Ala Gly Asp Trp Leu Thr Lys Ala Leu Asp Val 
Gin Gly Tyr Arg Leu Asp Tyr Val Lys Gly lie Ser Tyr Thr Phe Leu Lys Ser Tyr Leu Ser Tyr Gly 
Ala Met Asn Gly Lys Phe Ala Val Gly Glu Tyr Tip Asp Ala Asn Arg Asp Thr Leu Asn Trp Trp 
Ala Asn Thr Ala Met Glu Gly Arg Ala His Val Phe Asp Phe Ala Leu Arg Glu Glu Leu Lys Asn 
Met Cys Asn Ala Asp Gly tyr Tyr Asp Met Arg Arg Leu Asp His Ala Gly Leu Val Gly He Asp 
Pro Trp Lys Ala Val Thr Phe Val Glu Asn His Asp Thr Asp Arg His Asp Pro lie Tyr Asn Asn Lys 
His Leu Ala Tyr Ala tyr lie Leu Thr Ser Glu Gly Tyr Pre Thr Val Phe Trp Lys Asp Tyr Tyr Gin 
Tyr Gly Met Lys Pro He He Asp Asn Leu He Trp He His Glu His ne Ala Tyr Gly Thr Thr Gin Glu 
Arg Trp Lys Asp Glu Asp Val Phe Val Tyr Glu Arg Thr Gly Gly Lys Arg Leu Leu Val Gty Leu 
Asn Asp Asn Arg Ala Thr Ser Lys Thr Val Thr Val Gin Thr Gly Phe Gly Ala Asn Val Ala Leu His 
Asp Tyr Thy Gty Asn Gly Pro Asp Leu Arg Thr Asp Ala Tyr Gly Arg Val Thr Leu Thr He Pro Ala 

Pte "Aft '0%£iaM 'Afy)bk;^ : ffl ^m'fa^ : $sti tfcr Gilt Phe ^aH^ Vtf Oly 
Arg He Tyr Ala Lys Ala Asn Lys Pro Vat Thr Ala Glu Leu Tyf Tip Asp Ala Lys Asp Trp Thr Thr 
Ser Thr Ser He Leu Leu Glu Val Arg Ser Ala Ser Gly Thr Leu ne Thr Thr Lys Thr Val Thr Gin Leu 
Ser Ser Gin Gly Thr Arg Val Ser Phe Thr Pro Ser Ala Thr Gly Trp Tyr Val Phe Ser He Arg Ser Tyr 
Asn Thr Pro Ser Thr Asn Pro Lys Pro Ala Tyr Trp Leu Lys Val Thr Tyr Thr Ala Pro Gin Leu Leu 
Gin 

SEQIDNO: 131 

atgccgcagctttacccattgccgccgcgctggcggcgcgcggcccggcagggcctggccgccttgacgctggccaccacggccctgggc 

atctcgacggcccaggcccagagtgcaccgcgcacggccttcgtgcato 

ccttcctcgggcccaagggcttcgcggcggtgcagg^ 

fggtggatgcgctaccagccggtgagctacagcctgga 

aatgccgtgggcgtgggcatetacgtggacgccgt^ 
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3gctatcacaactaccctgggctctotggccccaacgac 

cgttgcgagctctcgggcttgcaggacctggacactgggagcgcttatgtgcgcggcaagatcgccgactatctggtggatetggtcaacatg 

ggggtcaagggcttccgggtggatgcggccaagcacatcagcccgaccgacctgggcgccatcategatgcggtcaacagccgcaccggc 

gcgaaccgcccwctggractggaggtgattggcgcggccggcgaggcagtgcagccgaaccagtacttctcgctcggcggcggccaggt 
caccgtgaccgagttcaactatgggaagcaaatctteggcaag^ 

gggcctgatgcccagcagcaaagcgattgcmcatcgacaaccacgacaagcagcgcggtcatggcggcggtggcaactotctgacctacc 

accatggctcgacctacgatctggccaacatcttcatgctggcttggccttatggctawcggcgctgatgtccagctatgccttcaaccgcagc 

acggcctacgacacgagctttggcccgccacacgacagtggtggcgccacccgtggcccctgggatggtggcggcagccagccggcctgc 
ttcaaccagagcatcggtggetgggtgtgjgagcaccgctggcggggcatcgcc^ 

gaccgtgaccgactggtgggacaacggcaac^ 

cgcgctgacgcgcaacttcaagaccagcctgccagccggccagtactgcgatgteatctccggggactteaacaatggteagtg^ 
atgtggtgacggtcgatgccggcggctacgtgacgctgacggccgggcccaatggtgcggcggccatccacgtgggc^^ 
gcgcctctcagccgccgacgaccgcctcggtgacgttcaacgcgtcggccgatacctmggggacagaacctgttcg^ 
gcgcactgggcaactggtcgccggcggccgtcaggccgatgacttggatttccggttegggcacgcgc 

amgccggccaataccacctaccaatacaagttcatcaagaaggacggggctggaaacgtggtttgggagggcggtggcaatcgcgtcgtga 
ccacgccgtctgggggcggatcggtgagcacgggcggcaattggcagtag 

SEQIDN0.132 

Met Pro Gin Leu Tyr Pro Leu Pro Pro Arg Tip Arg Arg Ala Ala Arg Gin Gly Leu Ala Ala Leu Thr 
Uu Ala Thr Thr Ala Leu Gly He Ser Thr Ala Gin Ala Gin Ser Ala Pro Arg Thr Ala Phe Val His 
Leu Phe Glu Tip Lys Tip Thr Asp He Ala Arg Glu Cys Ghi Thr Phe Uu Gly Pro Lys Gly Phe Ala 
Ala Val Gin Val Ser Pro Pro Asn Glu His Asn Trp Val Thr Ser Gly Asp Gly Ala Pro Tyr Pro Trp 
Tip Met Arg Tyr Gin Pro Val Ser Tyr Ser Uu Asp Arg Ser Arg Ser Gly Thr Arg Ala Glu Phe Gin 
Asp Met Val Asn Arg Cys Asn Ala Val Gly Val Gly He Tyr Val Asp Ala Val He Asn His Met Ser 
Gly Gly Thr Gly Gly Thr Ser Ser Ala Gly Arg Ser Trp Ser Tyr His Asn Tyr Pro Gly Uu Tyr Gly 
Pro Asn Asp Phe His Gin Pro Val Cys Ser He Thr Asn Tyr Gly Asp Ala Asn Asn Val Gin Arg Cys 
Glu Leu Ser Gly Leu Gin Asp Uu Asp Thr Gly Ser Ala Tyr Val Arg Gly Lys He Ala Asp Tyr Uu 
Val Asp Uu Val Asn Met Gly Val Lys Gly Phe Arg Val Asp Ala Ala Lys His He Sct Pro Thr Asp 
Uu Gly Ala lie He Asp Ala Val Asn Ser Arg Thr Gly Ala Asn Arg Pro Phe Tip Phe Uu Glu Val 
He Gly Ala Ala Gly Glu Ala Val Gin Pro Asn Gin Tyr Phe Ser Uu Gly Gly Gly Gin Val Thr Val 
Thr Glu Phe Asn Tyr Gly Lys Gin lie Phe Gly Lys Phe Ala Gly Gly Gly Arg Uu Ala Glu Uu Arg 
Ser Phe Gly Glu Thr Trp Gly Leu Met Pro Ser Ser Lys Ala He Ala Phe He Asp Asn His Asp Lys 
Gin Arg Gly His Gly Gly Gly Gly Asn Tyr Uu Thr Tyr His His Gly Ser Thr Tyr Asp Uu Ala Asn 
He Phe Met Uu Ala Trp Pro Tyr Gly Tyr Pro Ala Uu Met Ser Ser Tyr Ala Phe Asn Arg Ser Thr 
Ala Tyr Asp thr Ser Phe Gly Pro Pro His Asp Ser Gly Gly Ala Thr Arg Gly Pro Trp Asp Gly Gly 
Gly Ser Gin Pro Ala Cys Phe Asa Gin Ser Be Gly Gly Trp Val Cys Glu His; Arg Tip Arg Gly He 
•A34,A^*fi#.V#Al* Phft Aifc&sn Ala Thr UitPra Asn Thi M^^^^^Asp ^ • 
Ofy Ash Ash Gin fte Ala llfr Arg Gly Asp Lys Gly Pbe Val Val He Asn Arg Glu A jp M Ala 
Uu Thr Arg Asn Phe Lys Tht Ser Leu Pro Ala Gly Gln.Tyr Cys Asp Val He Ser Gly Asp Phe Asn 
Asn Gly Gin Cys Thr Gly His Val Val Thr Val Asp Ala Gly Gly tyr Val Thr Uu Thr Ala Gly Pro 
Asn Gly Ala Ala Ala He His Val Gly Ala Arg Leu Asp Gly Ala Ser Gin Pro Pro Thr Thr Ala Ser 
Val Thr Phe Asn Ala Ser Ala Asp Thr Phe Tip Gly Gin Asn Uu Phe Val Val Gly Asn His Ser Ala 
Uu Gly Asn Tip Ser Pro Ala Ala Ala Arg Pro Met Thr tip He Ser Gly Ser Gly Thr Arg Gly Asn 
Trp Arg Ala Val Uu Asn Uu Pro Ala Asn Thr Thr Tyr Gin Tyr Lys Phe He Lys Lys Asp Gly Ala 
Gly Asn Val Val Tip Glu Gly Gly Gly Asn Arg Val Val Thr Thr Pro Ser Gly Gly Gly Ser Val Ser 
Thr Gly Gly Asn Trp Gin 

SEQ ID NO: 133 

atgaataatgtgaaaaaagutggttgtattattctataattgctaccttagttatttccttttte 

teaacggaacaatgatgcaatatttegMtggptttacc 
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aggtattacagcgtutggctccctccagcatataaag 

taatcaaaaagggacgatccgaacgaaatacggaacaaaagcacaatatattcaagccatccaagctgccaaagccgcagggatgcaagtat 
atgcagatgttgtatttaatcataaggcgggggctgacggcacag 

ctggcacatatcaaattcaagcatggacaaaamgattttcctggtcgtggaaacacatactccagcttcaaatggcgc^ 

accgattgggatgaaagtcgtaaattaaatcgtatttacaaattccgcggtacaggaaaagcgtgggactgggaagtcgatacagaaaacgg^ 

aactatgattatttaatgttcgctgattugatatggatcaccctgaagttgtgacagagttaaaaaactggggaaaatg 

tgtagacggamcgmggatgccgtaaaacatattaaatacagcttmccctgactggctaacatatgtacgtaatcaaacaggaaaa 

gctgttggggaatmggagctatgacgtcaataagctgcatoactacattacaaaaacaaatggatcgatgtcgttamgatgcaccm 
caacttttatatcgcttccaaatcgagjggatatmgacatgcgtta^^ 

cgataaccatgatecacaaccaggtcaatctttrc 

gggtatccttgcgtattttacggtgactattacggaatcc^^ 

gattatgcttatggaacacaacgtgattacattgatcatcaagacattate 

gcggcmaattaccgacggccctggcgpagtaaatggatgfatgte^ 

agtgacacagtaacgattaatgcggacggttggggagaattt^ 

catttacagtcaatoacgccacaacaacaagtggacaaaacgta 

SEQIDNO:134 

Met Asn Asn Val Lys Lys Val Trp Leu Tyr Tyr Ser He lie Ala Thr Leu Val He Ser Phe Phe Thr Pro 
Phe Ser Thr Ala Gin Ala Asn Thr Ala Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Asp Leu 
Pro Asn Asp Gly Thr Leu Trp Thr Lys Val Lys Asn Glu Ala Thr Asn Leu Ser Ser Leu Gly He Thr 
Ala Leu Ttp Leu Pro Pro Ala Tyr Lys Gly Thr Ser Gin Ser Asp Val Gly Tyr Gly Val Tyr Asp Leu 
Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tyr Gly Thr Lys Ala Gin Tyr lie 
Gin Ala He Gin Ala Ala Lys Ala Ala Gly Met Gin Val Tyr Ala Asp Val Val Phe Asn His Lys Ala 
Gly Ala Asp Gly Thr Glu Phe Val Asp Ala Val Glu Val Asn Pro Ser Asn Arg Asn Gin Glu Thr Ser 
Gly Thr Tyr Gin He Gin Ala Trp Thr Lys Phe Asp Phe Pro Gly Arg Gly Asn Thr Tyr Ser Ser Phe 
Lys Trp Arg Trp Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg lie Tyr Lys 
Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn Tyr Asp Tyr Leu 
Met Phe Ala Asp Leu Asp Met Asp His Pro Glu Val Val Thr Glu Leu Lys Asn Trp Gly Lys Trp 
Tyr Val Asn Thr Thr Asn Val Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Tyr Ser Phe Phe 
Pro Asp Trp Leu Thr Tyr Val Arg Asn Gin Thr Gly Lys Asn Leu Phe Ala Val Gly Glu Phe Trp Ser 
Tyr Asp Val Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly Ser Met Ser Leu Phe Asp Ala Pro 
Leu His Asn Asn Phe Tyr He Ala Ser Lys Ser Ser Gly Tyr Phe Asp Met Arg Tyr Leu Leu Asn Asn 
Thr Leu Met Lys Asp Gin Pro Ser Leu Ala Val Thr Leu Val Asp Asn His Asp Thr Gin Pro Gly Gin 
Ser Leu Gin Ser Trp Val Glu Ala Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Thr Arg Gin Glu 
Gly Tyr Pro Cys Val Phe Tyr Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn lie Pro Gly Leu Lys Ser 
Lys He Asp Pio Leu Leu He Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gin Arg Asp Tyr He Asp His 

: Qfii A#M R&Qjy A^QItiQty ffr A*fc tfe Hit 

Asp Gly Pro Gly G^^ Lys Val i*e Tyr A^ Leu 

Thr Gly Ash Arg Ser Asp Thr Val Tiff He Asn Ala Asp Gly Trp Gly Glu Phe Lys Val Asn Gly Gly 
Ser Val Ser He Trp Val Ala Lys Thr Ser Asn Val Thr Phe Thr Val Asn Asn Aid Thr Thr Thr Ser 
Gly Gin Asn Val Tyr Val Val Gly Asn lie Pro Glu Leu Gly Asn Ser Leu 

• 

SEQ ID NO: 135 

gtgacaggcaccccgtctttatacattcctccacataaaat^ 

gttaacatccgtcattataataacttcaaacgcgtttatgm 

tgaaaaaagtgtggttgtattacgctatcgtcgctacctta^ 

gaacgatgatgcaatatttegaatgggatttaccgaat^ 

tactgcgtWggttaccacctgcatacaaaggaac^ 

aaaagggacgattcgaacgaaatacggaacaaaaacgcaatatttacaagccatte^ 

atgtcgtataaatcac^ggcgggggcagatagiacag^Cgggto^ 



WO 2004/091544 



PCT7US2004/007096 



FIGURE 1 6CCC 

cacatatcaaattcaagcatggacaaaatttgamccctgaccgtgggaacacatactcaagctttaaatggcgctggtatca 

gattgggatgaaagtcgaaaactaaatcgcatttacaaamcgtggcacaggaaaagcatgggattgggaagto 

tatgactocttaatgmgctgatttagatatggatcaccctgaagtc^ 

tcgatgggmcgcttagatgcagtaaagcatattaaataUgctttttcccagaUggttaacatatgt^ 

cagteggagaatmggagctacgatgtcaataaactgcataactatt 

caacttttacactgctteaaaatctagcgggtatmgacatg^ 

gttgataatcatgacacgcaaccgggacaatcmacaatcatg^ 

aggatatecttgcgtattttacggcgacUttacggcatecctaaato^ 

gagactacgcatacggaacacaacgtgattatattgaccatcaagacattattggatggacacgggaaggaattgactcaaaaccgaacte 
acttgcggcmaattactgac^cctggtggaagta^ 

cgaagcgatacggtaacgattaatgcagacggctggggagagtttaaag^ 

tcacgtttaccgtcaacaatgcgacaacgacaagcggacaaaatgtgtatgtcgttggcaacattccagagcte 

cgcaatcaaaatgaccccatcttcttatccaacgtggaaaacaaccatt^ 

ga 

* 

SEQH>NO:136 

Val Thr Gly Thr Pro Ser Leu Tyr He Pro Pro His Lys He Thr He Gin Leu Ser Asn Leu Leu Lys Cys 
He Lys He Lys Asn Ser lie Val Ser Val Asn He Arg His Tyr Asn Asn Phe Lys Arg Val Tyr Val Leu 
Met Gin Thr Phe Ala Ser Ser Phe Tyr Leu Lys Lys Gly Cys Val Gys Met Asn Tyr Leu Lys Lys Yal 
Trp Leu Tyr Tyr Ala He Val Ala Thr Leu He He Ser Phe Leu Thr Pro Phe Ser Thr Ala Gin Ala Asn 
Thr Ala Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Asp Leu Pro Asn Asp Gly Thr Leu 
Trp Thr Lys Val Lys Asn Glu Ala Ser Ser Leu Ser Ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro 
Ala Tyr Lys Gly Thr Ser Gin Gly Asp Val Gly Tyr Gly Val Tyr Asp Leu Tyr Asp Leu Gly Glu Phe 
Asn Gin Lys Gly Thr He Arg Thr Lys Tyr Gly Thr Lys Thr Gto Tyr Leu Gin Ala He Gin Ala Ala 
Lys Ser Ala Gly Met Gin Val Tyr Ala Asp Val Val Phe Asn His Lys Ala Gly Ala Asp Ser Thr Glu 
Trp Val Asp Ala Val Glu Val Asn Pro Ser Asn Arg Asn Gin Glu Thr Ser Gly Thr Tyr Gin He Gin 
Ala Trp Thr Lys Phe Asp Phe Pro Asp Arg Gly Asn Thr Tyr Ser Ser Phe Lys Trp Arg Trp Tyr His 
Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg He Tyr Lys Phe Arg Gly Thr Gly Lys 
Ala Trp Asp Trp Glu Val Asp Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp 
Met Asp His Pro Glu Val Val Hir Glu Leu Lys Asn Trp Gly Thr Trp Tyr Val Asn Thr Thr Asn Val 
Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Tyr Ser Phe Phe Pro Asp Trp Leu Thr Tyr Val 
Arg Ser Gin Thr Gin Lys Asn Leu Phe Ala Val Gly Glu Phe Tip Ser Tyr Asp Val Asn Lys Leu His 
Asn Tyr He Thr Lys Thr Ser Gly Thr Met Ser Leu Phe Asp Ala Pro Leu His Asn Asn Phe Tyr Thr 
Ala Ser Lys Ser Ser Gly Tyr Phe Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin 
Pro Ser Leu Ala Val Thr Leu Val Asp Asn His Asp Thr Gin Pro Gly Gin Ser Leu Gin Ser Trp Val 
Glu Pro Tip Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Thr Afg Gln Gfe Giy Tyr Pro Gys Vol Phe 

Ala Ai£ Arg A^ 1^ 6ly IfcrGln Arg Asp tyr He Asp His Gift Asjj> tfe tte Gly Tr£ Tte 

Arg Glu Gly lie Asp Ser Lys Pro Asn Ser Gly Leu Ala Ala Leu He Thr Asp Gly Pto Gly Gly Ser 
Lys Trp Met Tyr Val Gly Lys Lys His Ala Gly Lys Val Phe Tyr Asp Leu Thr Gly Asn Arg Ser Asp 
Thr Val Thr He Asn Ala Asp Gly Trp Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser He Trp Val 
Ala Lys Thr Ser Gin Val Thr Phe Thr Val Asn Asn Ala Thr Thr Thr Ser Gly Gto Asn Val Tyr Val 
Val Gly Asn lie Pro Glu Leu Gly Asri Trp Asn Thr Ala Asn Ala He Lys Met Thr Pro Ser Ser Tyr 
Pro Thr Trp Lys Thr Thr He Ala Leu Pro Gin Gly Lys Ala ne Gly Gly Val Arg His Gly Pro 

SEQIDNO:137 

gtgggacgggcaggcttggcgcatcactcgaacacttecg^ 

ggccggggcggtcgagcttgaagatgtccagcgggpgccgccgccgaggatcaccccggeggcgtactcgccca 
cttgaagccgtggccggagccgcctcccaggagccagacg^^ 

tctcgtactggcagacgcgggtcfcegfflccagcggcgc 
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gggccggggtgatcgtcegctcgcecgccgtgg 
ggggatgccgtagtagatccgctcgccgagatcgacccagaccggaw^ 

agaagaacacctcctggcgggtgttgcggaggaaccgctcaccgatcacgtccgggaacagcccggccagccagggaccgcaggcgaag 
acgtagaggtcggccgcgagagtggagccgtccgaaaggtgaagccgctw 

gccctcgccctggaacagctccaccacggtccggcaggcgcgccgggcgaacagggcgccggcttcctcctcgtaccagatcgtgcggac 

gccgtcgaaatcgacctgggggaagcggctccgggcctccccctgagacagctcggcgaccggcagccccgcgtcctccagaaaaggaa 

gggagtcgcggacgtagctgtcgtcctcgccgcacatccagaggaccccggtcctmgtacagccggtaaccggactggacttcg 

gccagagctcgaaggagcgggcgacccactccacgtacagacggtcgggtccgtaggcgccgcggatgatccgcgtctcgccaccggag 

ctggagcgggagtgccccggaccccaggcgtccaggagggtcacccgggctccgcggcggaggagatgcagggcggtccagccgccg 

aaggcgccggcgccgacgacggcgatatggggatgggagggcatggcgggcgUaggttatcgcagcccgatcctte 

ctccgaccggagtatcctggaaaattcgaagaaggagatcgacatgcaatcgaacggaaacgtga 

SEQ1DN0:I38 

Val Gly Arg Ala G!y Leu Ala His His Ser Asn Thr Set Ala Lys Gly Thr Tyr Gly Ser Pro Leu Glu 
Leu Arg Pro Asp Arg Pro Ala Val Ala Gly Ala Val Glu Leu Glu Asp Val Gin Arg Gly Ala Ala Ala 
Glu Asp His Pro Gly Gly Val Leu Ala Gin Gly Gly Ala Gin Leu Glu Ala Val Ala Gly Ala Ala Ser 
Gin Glu Pro Asp Val Gly Gly Pro Arg Met Ala Val Glu Glu Glu Val Ala Val Gly Ala Val Leu Val 
Leu Ala Asp Ala Gly Leu Asp Gin Arg Arg Val Leu Gin Gly Arg Glu Pro Ala Gly His Leu Gly 
Pro Gly Arg Phe Gin Gin Gly Arg Gly Asp Arg Pro Leu Ala Arg Arg Gly lie Asp Gly Leu Ala Pro 
Gly Val Val Arg His Leu Glu Ala Ala Val Leu Val Ala Gly Asp Ala Val Val Asp Pro Leu Ala Glu 
He Asp Pro Asp Arg Thr Ala Ala Leu Leu Glu Ala Arg Val Ala Arg Arg Arg Ala Glu Glu Glu His 
Leu Leu Ala Gly Val Ala Glu Glu Pro Leu Thr Asp His Val Arg Glu Gin Pro Gly Gin Pro Gly Thr 
Ala Gly Glu Asp Val Glu Val Gly Arg Glu Ser Gly Ala Val Arg Lys Val Lys Pro Leu Gin Gly Pro 
Arg Asp His Gly Gly Leu Pro Val Leu Pro Ala Leu Ala Leu Glu Gin Leu His His Gly Pro Ala Gly 
Ala Pro Gly Glu Gin Gly Ala Gly Phe Leu Leu Val Pro Asp Arg Ala Asp Ala Val Glu He Asp Leu 
Gly Glu Ala Ala Pro Gly Leu Pro Leu Arg Gin Leu Gly Asp Arg Gin Pro Arg Val Leu Gin Lys 
Arg Lys Gly Val Ala Asp Val Ala Val Val Leu Ala Ala His Pro Glu Asp Pro Gly Pro Phe Val Gin 
Pro Val Thr Gly Leu Asp Phe Gly Val Pro Pro Glu Leu Glu Gly Ala Gly Asp Pro Leu His Val Gin 
Thr Val Gly Ser Val Gly Ala Ala Asp Asp Pro Arg Leu Ala Thr Gly Ala Gly Ala Gly Val Pro Arg 
Thr Pro Gly Val Gin Glu Gly His Pro Gly Ser Ala Ala Glu Glu Met Gin Gly Gly Pro Ala Ala Glu 
Gly Ala Gly Ala Asp Asp Gly Asp Met Gly Met Gly Gly His Gly Gly Arg Lys Val He Ala Ala Arg 
Ser Phe Ala Gly He Pro Ser Pro Thr Gly Val Ser Trp Lys ne Arg Arg Arg Arg Ser Thr Cys Asn 
ArgThrGluThr 

« 

SEQIDNO:139 
atg9$a#pattcaacctta^ 

cacc&^#^^ 

cgaactaagtacggcacxaaagaccaatatctaaatgccateaaagcagca 

tcgtggcggtgcagatggcaagtcgtgggtcgatacc^ 

tgggttgaatttagcttcccaggacgtaacgataaatacteagactte 

aagagaaagcgatctttaaattcaaaggtgatggtaaagcatgggattgggaagtea 

gacttagacatggatcacccagaagtgaagcaagagctgaaagattggggtj^ 

atgcagtgaaacacatcaaatatcagtacctacaagagtggatcgato 

tggaactacgacgjgaacaatctgcacaactttatgactaagacttctgg^ 

tcacgctctggtggcaacmgatatgcgccgaatcatggatggc 

atgatacgcaaccactacaggccttagagtctccggtggattggtgg 

gtcagtcttctacgcagattactacggtgcgcaatacagcgataaaggg^ 

aagcgcgtaaagattatgcttatggtaaacaacattettacct^ 
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aactctatggcggttatcatgagtgatggta^ 
cgtaccgaagaagtatggactaacgctagtggatgggc 

SEQ ID NO: 140 

Met Lys Thr Phe Asn Leu Lys Pro Thr Leu Leu Pro Leu Thr Leu Leu Leu Ser Ser Pro Val Leu Ala 
Ala Gin Asn Gly Thr Met Met Gin Tyr Phe His Trp Tyr Val Pro Asn Asp Gly Ala Leu Trp Thr Gin 
Val Glu Asn Asn Ala Pro Ala Leu Ser Asp Asn Gly Phe Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys 
Gly Ala Gly Gly Ser Asn Asp Val Gly Tyr Gly Val Tyr Asp Met Tyr Asp Leu Gly Glu Phe Asp 
Gin Lys Gly Ser Val Arg Thr Lys Tyr Gly Thr Lys Asp Gin Tyr Leu Asn Ala He Lys Ala Ala His 
Lys Asn Asn He Gin lie Tyr Gly Asp Val Val Phe Asn His Arg Gly Gly Ala Asp Gly Lys Ser Trp 
Val Asp Thr Lys Arg Val Asp Trp Asn Asn Arg Asn He Glu Leu Gly Asp Lys Trp He Glu Ala Trp 
Val Glu Phe Ser Phe Pro Gly Arg Asn Asp Lys Tyr Ser Asp Phe His Trp Thr Trp Tyr His Phe Asp 
Gly Val Asp Tip Asp Asp Ala Gly Lys Glu Lys Ala He Phe Lys Phe Lys Gly Asp Gly Lys Ala Trp 
Asp Trp Glu Val Ser Ser Glu Lys Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 
His Pro Glu Val Lys Gin Glu Leu Lys Asp Tip Gly Glu Trp Tyr Leu Asn Met Thr Gly Val Asp Gly 
Phe Arg Met Asp Ala Val Lys His He Lys Tyr Gin Tyr Leu Gin Glu Trp lie Asp Tyr Leu Arg Lys 
Lys Thr Gly Lys Glu Leu Phe Thr Val Gly Glu Tyr Tip Asn Tyr Asp Val Asn Asn Leu His Asn 
Phe Met Thr Lys Thr Ser Gly Ser Met Ser Leu Phe Asp Ala Pro Leu His Met Asn Phe Tyr Asn Ala 
Ser Arg Ser Gly Gly Asn Phe Asp Met Arg Arg He Met Asp Gly Thr Leu Met Lys Asp Asn Pro \ 
Val Lys Ala Val Thr Leu Val Glu Asn His Asp Thr Gin Pro Leu Gin Ala Leu Glu Ser Pro Val Asp. 
Trp Trp Phe Lys Pro Leu Ala tyr Ala Phe lie Leu Leu Arg Glu Glu Gly Tyr Pro Ser Val Phe Tyr 
Ala Asp Tyr Tyr Gly Ala Gin Tyr Ser Asp Lys Gly His Asp He Asn Met Val Lys Val Pro Tyr He 
Glu Gin Leu Val Lys Ala Arg Lys Asp Tyr Ala Tyr Gly Lys Gin His Ser Tyr Leu Asp His Trp Asp 
Val He Gly Trp Thr Arg Glu Gly Asp Ala Glu His Pro Asn Ser Met Ala Val He Met Ser Asp Gly 
Pro Gly Gly Thr Lys Ttp Met Tyr Thr Gly Ser Pro Ser Thr Arg Tyr Val Asp Lys Leu Gly He Arg 
Thr Glu Glu Val Trp Thr Asn Ala Ser Gly Trp Ala Glu Phe Pro Val Asn Gly Gly Ser Val Ser Val 
Trp Val Gly Val Lys 

SEQ ID NO: 141 

atgaaaccaataaataccctactcatatccgcccttgctgt^ 
attcagatgtgacggccaacgcgaatcaaattgctcaagctggta 




ggcgtcgatgtgtatgccgatgtggtactaaccate^ 
acgattatgctagccgttcaagctactatgctgacca^ 
gctgtamcagattggaacgaccctggtcatgttcagte^ 
tgggtggmeacaacagcgtt^ 

" ^ 
aaatcaactgcatgatcciaM^ 

cttccgctaccaaattatggacccacaagacgagcagcttgct^ 

atcttcctgattctgaagacaaggataacggtcgftggggcaatgmg 

aaggcaaaacaatgacgatgamctagcgaccattgcactttgttgtttaagcgtggca^ 

cgcgtggcgtgacggttgatacctaccaacatgagtttaattggcat^ 

cgttaccatacgttcaatctaccaccacgcagtgcgcgtatgtttaagctgtag 

SEQ ID NO: 142 

Met Lys Pro He Asn Thr Leu Leu He Ser Ala Leu Ala Val Cys Ser Phe Ser Ser Ala Thr Tyr Ala 
Asp Thr He Leu His Ala Phe Asn Tirp Lys Tyr Ser Asp Val Thr Ala Asn Ala Asn Gin He Ala Gin 
Ala Gly Tyr Lys Lys Val Leu Val Ala Pro Ala Met Lys Ser Ser GSy Ser Gk Tip Trp Ala Arg Tyr 

Gin Pro Gin Asp Lets Airg Tlk He Asp Set Pro Lena Gly Am Lys Gta Asp Lew Ala Ala Me£ Els Ala 
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Ala Leu Lys Gly Val Gly Val Asp Val Tyr Ala Asp Val Val Leu Asn His Met Ala Asn Glu Ser Trp 
Ly s Arg Ser Asp Leu Asn Tyr Pro Gly Thr GIu Val Leu Asn Asp Tyr Ala Ser Arg Ser Ser TyrTyr 
Ala Asp Gin Thr Leu Phe Gly Asn Leu Ala Gin Gly Tyr Val Ser Ala Asn Asp Phe His Pro Ala Gly 
Cys He Ser Asp Tip Asn Asp Pro Gly His Val Gin Tyr Trp Arg Leu Cys Gly Ala Asp Gly Asp Val 
Gly Leu Pro Asp Leu Asp Pro Asn Asn Tip Val Val Ser Gin Gin Arg Leu Tyr Leu Lys Ala Leu 
Lys Asp Met Gly He Lys Gly Phe Arg He Asp Ala Val Lys His Met Ser Gin Tyr Gin He Asp Gin 
Val Phe Thr Ser Glu lie Thr Ala Asn Met His Val Phe Gly Glu Val He Thr Ser Gly Gly Ala Gly 
Asn Ser Gly Tyr Glu Ser Phe Leu Ala Pro Tyr Leu Asn Asn Thr Asn His Ser Ala Tyr Asp Phe Pro 
Leu Phe Ala Ser He Arg Ser Ala Phe Ser Met Gly Gly Gly Leu Asn Gin Leu His Asp Pro Lys Ala 
Tyr Gly Gin Ala Leu Asp Asp Asn Arg Ser He Thr Phe Ala He Thr His Asp He Pro Thr Asn Asp 
Gly Phe Arg Tyr Gin He Met Asp Pro Gin Asp Glu Gin Leu Ala Tyr Ala Tyr He Leu Gly Lys Asp 
Gly Gly Thr Pro Leu He Tyr Ser Asp Asp Lbu Pro Asp Ser Glu Asp Lys Asp Asn Gly Arg Trp Gly 
Asn Val Trp Asn Ser Ser Thr Met Lys Asn Met Leu Ser Phe His Asn Ala Met Gin Gly Lys Thr 
Met Thr Met He Ser Ser Asp His. Cys Thr Leu Leu Phe Lys Arg Gly Lys Glu Gly Val Val Gly He 
Asn Lys Cys Gly Glu Thr Arg Gly Val Thr Val Asp Thr Tyr Gin His Glu Phe Asn Trp His Val Gin 
Tyr Lys Asp Val Leu Ser Ser Ala Thr Glu Thr Val Thr Ser Arg Tyr His Thr Phe Asn Leu Pro Pro 
Arg Ser Ala Arg Met Phe Lys Leu 

SEQIDNO:143 

atgccaaagagcacttttaccaaatccataacaa^ 

cttgcatgcctttaactggaaatacagcgaca 

tgaagtccacaggcccacaatggtgggcacgtuccaaccaca 

ccctcattgcagccttaaaggcacaaggcgttgaagtatacgc^ 

tgaactaccxgggaa#gatttacttacccaatacagcc 

ctctgccaatgatmtacccggctggctgca 

gggttacctgatcttgatcctaactcgtgggtgato 

atgcggtaaaacacatgagcgattaccaaatcaaccaagtgtttac 

gtggcaagggcagcaatgactaccactcttttctgga^ 

aaatgcatttagttatcatggcagcttgtctcaattacatgate 

ctcacgacattccaaccaatgatggtttccgttaccaaatcatggatccaaccagtgaaaaactcgcgtac 
ggtagcccacttotetatagcgatgctttegacccaagt^ 
catgatcagcttccacaacaaggtgcaaggtaaaagcat 
tagtcggutaataagtgcgctgaaagccgtacctacaccat 

ccagcacagcgagacctmgcagccgttatcatgctctgaccattccggcgcaaacagcacgaatgttggcgctataa 

SEQ ID NO; 144 
Met PmLyi^ 

'. Leu - 
Gin Ala Glu Gin tie Ala Gin Ala Gly Tyr Lys Lys Val teu Ite Ser Pro Pro Leu Lys Ser Thr Gly Pro 
Gin Trp Trp Ala Arg Tyr Gin Pro Gin Asp He Arg Val He Asp Ser Pro Val Gly Asn Lys Gin Asp 
Leu Gin Ala Leu He Ala Ala Leu Lys Ala Gin Gly Val Glu Val Tyr Ala Asp He Val Leu Asn His 
Met Ala Asn Glu Ser Trp Lys Arg Asp Asp Leu Asn Tyr Pro Gly Ser Asp Leu Leu Thr Gin Tyr Ser 
Gin Asn Met Ala Tyr Met Asn Gin Gin Lys Leu Phe Gly Asp Leu Glu Gin Asn Gin Phe Ser Ala 
Asn Asp Phe His Pip Ala Gly Cys He Thr Asp Trp Ser Asn Pro Gly His Val Gin Tyr Trp Arg Leu 
Cys Gly Gly Asn Gly Asp Thr Gly Leu Pro Asp Leu Asp Pro Asn Ser Trp Val He Asp Gin Gin Lys 
Arg Tyr Leu Arg Ala Leu Lys Asp Met Gly He Lys Gly Phe Arg Val Asp Ala Val Lys His Met Ser 
Asp Tyr Gin He Asn Gin Val Phe Thr Pro Asp He ne Ala Gly Leu His Val Phe Gly Glu Val ne Thr 
Ser Gly Gly Lys Gly Ser Asn Asp Tyr His Ser Phe Leu Glu Pro Tyr Leu Asn Asn Thr Asn His Ala 
Ala Tyr Asp Phe Pro Leu Phe Ala Ser He Arg Asn Ala Phe Ser Tyr His Gly Ser Leu Ser Gta Leu 
His Asp Pro Giro Ate Tyr Gly Gin Ala Leu Pro As© Asp Arg Ala 0e Tito* Wte Titor E&e 1% His Asp 



WO 2004/091544 



PCT/US2004/007096 



FIGURE 16GGG 

lie Pro Thr Asn Asp Gly Phe Arg Tyr Gin He Met Asp Pro Thr Ser GIu Lys Leu Ala Tyr Ala Tyr 
He Leu Gly Lys Ajp Gly Gly Ser Pro Leu He Tyr Ser Asp Ala Leu Asp Pro Ser Glu Asp Lys Asp 
Lys Gly Arg Trp Arg Asp Val Trp Asn Glri Glu Tyr Met Val Asn Met lie Ser Phe His Asn Lys Val 
Gin Gly Lys Ser Met Glu Val Met Tyr Ser Asp Gin Cys Leu Leu Val Phe Lys Arg Glu Lys Gin 
Gly Leu Val Gly He Asn Lys Cys Ala Glu Ser Arg Thr Tyr Thr He Asp Thr His Arg Phe Glu Phe 
Asn Trp Tyr Gin Pro Tyr Asn Asp Thr Leu Ser Gin His Ser Glu Thr Phe Ser Ser Arg Tyr His Ala 
Leu Thr He Pro Ala Gin Thr Ala Arg Met Leu Ala Leu 

■ 

SEQ ID NO: 145 

atgttgaaaaggattacggtag^ctgtttattamatmgc 

acattaatgcagtatmgagtgg^cgctecgaatgatgggaate^ 

atctgtatggaUccacctgcatataaagggacttcgcaaaat 

ggaac^gcggacgaaatatgggacaaaggcacagttgaaatctgcaattgacgc 

gttatgaatcataaaggtggggctgattatactgaa 

aaattagtgcgtggacgggtmaactttccagggcgcagagat 

gaaggaaggaaattaaaccgaatttataaatttaggggtataggtaaa 

atgtatgcagatettgatmgatcatecagatgttgcgaatgaaatg 

tttgatgctgtmaacatettgateatgaatatttacgcgattggg 

attggcaaaatgatotccagactttaaacaattamggcgaaagtcaatm^ 

caacaggaaatgggaattatgatatgagaaatamtaaatggaacagt 

ttctcaacctgggcaatcattggaatctgtagtaagtccgtggtttaagccgctggcatatgcatttamta 

tttttatgg^gattacUtgggacaagcggaaatagtagttatgaaattccagcgm 

ttgcatatggtacgcagcgtgattatttagaccatccagatgtgattggctggacaagagaaggagatagtgtacatgc^ 

cattaatctccgatggaccaggaggatcaaagtggatggatgttggaaagaataacgctggggaagtatg^ 

aaatoctgtaacaattaataaagatggatcggggcaattccatgtaagtggagg 

SEQ ID NO: 146 

Met Leu Lys Arg He Thr Val Val Cys Leu Leu Phe ne Leu Leu Phe Pro Asn He Tyr Gly Arg Asn 
Lys Ala Glu Ala Ala Thr He Asn Asn Gly Thr Leu Met Gin Tyr Phe Glu Trp Tyr Ala Pro Asn Asp 
Gly Asn His Trp Asn Arg Leu Arg Tyr Asp Ala Glu Ser Leu Ala His Lys Gly ne Thr Ser Val Trp 
He Pro Pro Ala Tyr Lys Gly Thr Ser Gin Asn Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu 
Gly Glu Phe Asn Gto Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys Ala Gin Leu Lys Ser Ala He 
Asp Ala Leu His Lys Gin Asn He Asp Val Tyr Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp 
Tyr Thr Glu Thr Val thr Ala Val Glu Val Asp Aig Asn Asn Arg Asn lie Glu Val Ser Gly Asp Tyr 
Glu He Ser Ala trp Hit Gly Phe Asil Phe Pro Gly Arg Arg Asp Ala tyr Ser Asn Phe Lys Tip Lys 
Trp Tyr His Phe Asp Gly Thr Trp Asp Glu Gly Arg Lys Leu Asn Arg tie Tyr Lys Phe Arg Gly 

HeGtytysA^^^^ ; 

Leu Asp ttte Asp jSis Pro As]? Va1 At4 A^n Glu Met Ly3 Trp 01y thr trp tyr Ala Atta Gfoi Leu 
Asn Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His ne Asp His Glu Tyr Leu Arg Asp Trp Val Asn 
His Val Arg Gin Gin Tte Gly Lys Glii Met Phe Thr Val Ala Glu Tyr Trp Gin Asn Asp He Gin Thr 
Leu Asn Asn Tyr Leu Ala Lys Val Asn Tyr Asn Gin Ser Val Phe Asp Ala Pro Leu His Tyr Asn 
Phe His Tyr Ala Ser Thr Gly Asn Gly Asn Tyr Asp Met Arg Asn He Leu Asn Gly Thr Val Met Lys 
Asn His Pro Ala Leu Ala Val Thr Leu Val Glu Asn His Asp Ser Gin Pro Gly Gb Ser Leu Glu Ser 
Val Val Ser Pro Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Thr Arg Ala Glu Gly Tyr Pro Ser 
Val Phe Tyr Gly Asp Tyr Tyr Gly Thr Ser Gly Asn Ser Ser Tyr Glu He Pro Ala Leu Lys Asp Lys 
He Asp Pro He Leu Thr Ala Arg Lys Asn Phe Ala Tyr Gly Thr Gin Arg Asp Tyr Leu Asp His Pro 
Asp Val He Gly Trp Thr Arg Glu Gly Asp Ser Val His Ala Lys Ser Gly Leu Ala Ala Leu He Ser 
Asp Gly Pro Gly Gly Ser Lys Tip Met Asp VaJ Gly Lys Asn Asn Ala Gly Glu Val Tip Tyr Asp He 
Thr Gly Asn Gin Thr Asn Thr Val TThir lie Asn Lys Asp Gly Ser Gly Gin Phe His VaJ Ser Gly Gly 
Seir VaJ Ser He Tyr VaB Gttn Gto 
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SEQIDNO:147 

atgagcttaaataactttaaggtaaaactgcttagtmgctgtgte 
tgagatggtgataatccatccgmcagtggacatatgacaatatagcaaaagagtgtacagagita^ 

gamcccagccagcggaacataagcgggctgaaggagtatggtgggccgtatatcagccggttaattataagaatmacaaccatgaccg^ 
acgaggagcagcttaaggcaatgatcaagacctgtaatgatgcaggtgttaaggtgttcgctgacgctgmtcaaccaaaaggctacagacgg 
tgtaggctggggcggttcaacnggagttataagaactaccctgacggattctccggatcagatttccatg^ 
actgatgcaaataatgtcagaacctgtgcactctcaggtatgccggac^ 

cgcttctttaatgaatatgggggtctatggtttccgtattgacgctgcaaagcacatgggatocaacgatate 
agaagactggaagaagacctcctgcatatctggaagtaato^ 
gaatgcggttgtaactgacttcggttatgtctgggatgcaaatgagagtttcggaaagggtaa 
cggtgcaaattcagaaacattcgtaaacaatcatgatgatgaatgg^ 

attataatctggctcagtcctggcttgctgtatggcctgtaggtacagtaagacagatatattccggtto 
tcgcgtcagtgatgcaactcatgatcagggcgggc^^ 

caattccccaagamgcgagagctaccagaggtactgctgtatcaaccaagggatttgacaatggtgcm 
gtttttatgcacag^tactaccaacagtectaiaaqccag^ 

cctaagagcaatccatgcggagcagacgttgtcgtaagcggcggtaaggctacctttactattcctgcaaagacagc 

ctcagactggtgcggcaagggggttgatccttgtgaaagtgatccgacc^ 

gcgtcagctggtgtaatgcgcattcateaaatgaggaatgcacctgtgtattgaate^ 

agggtaaactctgttacgccggtactteaaacgggtggaaacaggatcctttaa^ 

gacggtgcaggtgaUccagcggagctcagcgcttcaaggttacagacg^ 

gaaagttggatgtaaatacatcatcaaccggcgatgaacctgtgte^ 

tcaccaaggcagatgaagtaactaatcagccaccggttgcatcat^^ 

ccctgagaatgatgaattaacctacagctggaatttcggtaatggtaaaacatcatccgagaaagctcctagcataa 
agtatactgttactttaaaggttactgattcagctaataacactgatacatttac 

ggttgcagtcagaggttcgcatgamttacggaactgatctgttaaccaagaacggttctgattggaccggcgtcm 
gtgtcgacctgcaggcgcgcgagctc 

SEQIDN0:I48 

Met Ser Leu Ash Asn Phe Lys Val Lys Leu Leu Ser Phe Ala Val Ser Ser Ala Val Leu Ser Leu Ala 
Pro Asn Leu Ala Asn Ala Ala Asn Phe Glu Ser GIu Met Val lie lie His Pro Phe Gin Trp Thr Tyr 
Asp Asn He Ala Lys Glu Cys Thr Ghi Tyr Leu Gly Pro Ala Gly Phe Asp Gly Val Gin He Ser Gin 
Pro Ala Glu His Lys Aig Ala Glu Gly Val Trp Trp Ala Val Tyr Gin Pro Val Asn Tyr Lys Asn Phe 
Thr Thr Met Thr Gly Asn Glu Glu Gin Leu Lys Ala Met He Lys Thr Cys Asn Asp Ala Gly Val Lys 
Val Phe Ala Asp Ala Val Phe Asn Gin Lys Ala Thr Asp Gly Val Gly Trp Gly Gly Ser Thr Trp Ser 
Tyr Lys Asn Tyr Pro Asp Gly Phe Ser Gly Ser Asp Pte His Gty Asp Cys $er fle A$p Lys Ser Tyr 

•iSu ti&Cftu tysffe Ala AspfyrLeu Met Asn w& W Vil f yt oisf Pte Afg We Asp 

Ala Ala Lys His Met Gly Tyr Asn Asp tie Asn Ser He Leu Ser Lys Hit Ala Gin Lys Thr Gly Arg 
Arg Pro Pro Ala Tyr Leu Ghi Val lie Gly Ala Gly Asn Gto Ala Ala Asp lie Gin Pro Asp Lys Tyr 
Thr Phe He Glu Asn Ala Val Val Thr Asp Phe Gly Tyr Val Trp Asp Ala Asn Glu Ser Phe Gly Lys 
Gly Asn Tyr Gly Lys Ala Leu Glu Leu Ser Thr Trp Leu Gly Ala Asn Ser Glu TTir Phe Val Asn Asn 
His Asp Asp Glu Trp Gly A*g Cys Ser Ala Gly Ser Cys Ser Met Lys Thr Gin Asn Tyr Ala Asp Tyr 
Asn Leu Ala Gin Ser Trp Leu Ala Val Trp Pro Val Gly Thr Val Arg Gin lie Tyr Ser Gly Tyr Ser 
Phe Pro Val Lys Asp Asn Asp Pro Tyr Arg Val Ser Asp Ala Thr His Asp Gin Gly Gly Pro Leu Gly 
Ala Asp Arg Cys Glu Gly Gly Trp Leu Cys Gin His Arg Val Ser Phe Val Leu Asn Ser Pro Arg Phe 
Ala Arg Ala Thr Arg Gly Thr Ala Val Ser Thr Lys Gly Phe Asp Asn Gly Ala Leu trp Phe Asn Arg 
Gly Ser Lys Gly Phe Tyr Ala Gin Asn Thr Thr Asn Ser Pro He Thr Gin Thr Phe Ser Val Glu Val 
Pro Asp Gly Asn Tyr Cys Asp He Leu Gly Tk Ser Asp Pro Lys Ser Am Pro Cys Gly Ala Asp Val 
Val Va! Seir Gly Gly Lys ASa Thr Phe Thx He Pro AEs Lys Tk Ak Vail Ak Ite Cys Tfcr Asp Seir 
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Asp Trp Cys Gly Lys Gly Val Asp Pro Cys Glu Ser Asp Pro Thr Gly Ala Ala Cys Val Cys Lys Gly 
Glu Thr Thr Val Asn Gly Val Cys Val Ser Trp Cys Asn Ala His Ser Ser Asn Glu Glu Cys Thr Cys 
Val Leu Asn Pro Asn Asp Ala Asn Cys Gin Ala Asp lie Glu Pro Thr Lys Gly Lys Leu Cys Tyr Ala 
Gly Thr Ser Asn Gly Trp Lys Gin Asp Pro Leu Thr Tyr Asn Arg Lys Thr Gly Phe Trp Thr He Asn 
Leu Thr Leu Asp Gly Ala Gly Asp Thr Ser Gly Ala Gin Arg Phe Lys Val Thr Asp Gly Cys Ser Trp 
Thr Gly Thr Val Tyr Gly Ser Ser Gly Thr Ala Gly Lys Leu Asp Val Asn Thr Ser Ser Thr Gly Asp 
Glu Pro Val Ser Leu Val Gly Asp Tyr Val Leu Ser He Asn Asp Lys Thr Met Glu tyr Thr Phe Thr 
Lys Ala Asp Glu Val Thr Asn Gin Pro Pro Val Ala Ser Phe Thr Ala Thr Val Asn Gly Leu Thr Val 
Ser Phe Ala Asn Asn Ser Ser Asp Pro Glu Asn Asp Glu Leu Thr Tyr Ser Trp Asn Phe Gly Asn Gly 
Lys Thr Ser Ser Glu Lys Ala Pro Ser lie Thr Tyr Glu Glu Ser Gly Lys Tyr Thr Val Thr Leu Lys 
Val Thr Asp Ser Ala Asn Asn Thr Asp Thr Phe Thr Lys Asp He Thr Val Thr Ala Pro Ser Ser Gly 
Lys Tyr Leu Lys Val Ala Val Arg Gly Ser His Asp Asn Tyr Gly Thr Asp Leu Leu Thr Lys Asn Gly 
Ser Asp Tip Thr Gly Val Phe Glu Phe Phe Gly Ser Thr Ser Val Asp Leu Gin Ala Arg Glu Leu 

SEQIDNO:149 

atgatcttaagtaattttaaggtaaaacttcttagtmgctgtgtcttctgctgtactgacM 

gtgaaatggttattattcatccatttcagtggacatetgacaatate^ 

gattteccaggcggctgagcataaagatgccggtggtgcatgg 

atgaagaacagcttagagcaatgattaaaacctgtaacgagg 

tgtaggtataggtggttcaactttcggaaattetaattatcctgacggatta^ 

cagatgcatgggtagtaagattctgtgacctcagtggcatgccggate^ 

ccagccttatgaatotgggggtatacggattccgtattgatgctgccaagcactttagctatgatgamtagacgcto 

ccaaagcaggcaggagacctcctgtctatatggaggttatcg 

ttgataatgccgttgtaacagattttactutgctaatagcatgcataata^ 

atgttgatgctgaaaatgccgaagtctttataagtaateatgataatgaatggggaa 

atccggattaccatctggctcagtcctggctcgcagttgg 

gltg^gagcgggtcagtcagcaagcccatgatcagggc 

cgtttgtgctcaattctcctagafflgcaagagcaaccagagggacagtcg 

aagcaagggcttctatgcccagaatactaccggcagttctataactc^ 

caaccgatccgaagaataatecttgcggagcggatgteact 

tctgtactgatgaaaagtggtgtggcaagggggttgacccttgtgaaagcgatc^ 

aacggcgtatgtgtaagctggtgtaatgctcactcatctaatgaagaatgtgcctgtgtgctaaatccta^ 

gagccgaccaagggtaaactctgctatgtaggtacctccaacaag^ggactca 

caacgttgaacttgacggtaagggggataccagcggggcgcagcgctttaaagttaccgacggctgttcatggc 

tcaggagtagaaggcagacttgacgtaaatacttcagccacc^ 

accatggaatocacattcattcctj^a 

aaagcegg^tatac •■ 

gaaaatattecaaggttgcagtcagaggttcacat^ 

cagtaagacaaccaaattcaagcttgaagctctgcctcctg 

ccggtggptttatatctettectgccggaaggtatacta^ 

SEQIDNO:150 

Met He Leu Ser Asn Phe Lys Val Lys Leu Leu Ser Phe Ala Val Ser Ser Ala Val Leu Thr Leu Ala 
Ala Asn Val Ala Asn Ala Lys Asn Tyr Glu Ser Glu Met Val He He His Pro Phe Gin Trp Thr Tyr 
Asp Asn He Ala Lys Glu Cys Thr Glu Tyr Leu Gly Pro Ala Gly Phe Asp Gly Val Gin He Ser Gin 
Ala Ala Glu His Lys Asp Ala Gly Gly Ala Tip Trp Gly Thr Tyr Gin Pro Val Asn Phe Lys Ser Phe 
Thr Thr Met Val Gly Asn Glu Glu Gin Leu Arg Ala Met He Lys Thr Cys Asn Glu Ala Gly Val Lys 
Val Phe Ala Asp Aia Val He Asn Gin Lys Ala Gly Asp Gly Val Gly He Gly Gly Ser THhr Pine Gly 
Asn Tyr Asn Tyr Pro Asp GEy Phe Thr Seir Asp Asp Ptee His His Am Am Cys Sex ffle Gly Am Asn 
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Tyr Ser Asp Ala Trp Val Val Arg Phe Cys Asp Leu Ser Gly Met Pro Asp He Ala Thr Asp Asn Asp 
Ser Thr Arg Asn Lys lie Ala Asp Tyr Phe Ala Ser Leu Met Asn Met Gly Val Tyr Gly Phe Arg He 
Asp Ala Ala Lys His Phe Ser Tyr Asp Asp He Asp Ala He Val Glu Lys Thr Ala Thr Lys Ala Gly 
Arg Arg Pro Pro Val Tyr Met Glu Val lie Gly Asn Pro Gly Gin Glu Ala Asp Asp He Gin Pro Asn 
Lys Tyr Thr Trp He Asp Asn Ala Val Val Thr Asp Phe Thr Tyr Ala Asn Ser Met His Asn lie Phe 
Asn Gly Ser Gly Tyr Ala Lys Ala Leu Asn Met Gly Leu Gly His Val Asp Ala Glu Asn Ala Glu Val 
Phe He Ser Asn His Asp Asn Glu Tip Gly Arg Lys Ser Ala Gly Ser Cys Ser He Arg Thr Gin Asn 
Asn Pro Asp Tyr His Leu Ala Gin Ser Trp Leu Ala Val Trp Pro Leu Gly Lys Val Arg Gin He Tyr 
Ser Ala Tyr Gin Phe Pro Val Phe Glu Asp Ser Cys Glu Arg Val Ser Gin Gin Ala His Asp Gin Gly 
Gly Pro He Gly Ala Ala Arg Cys Glu Gly Gly Trp Leu Cys Gin His Arg Val Pro Phe Val Leu Asn 
Ser Pro Arg Phe Ala Arg Ala Thr Arg Gly Thr Val Val Thr Thr Lys Gly Phe Asp Asp Gly Ala Leu 
Trp Phe Asn Arg Gly Ser Lys Gly Phe Tyr Ala Gin Asn Thr Thr Gly Ser Ser lie Thr His Thr Phe 
Ser Val Glu Leu Pro Asp Gly Asn Tyr Cys Asp He Leu Gly Ala Thr Asp Pro Lys Asn Asn Pro Cys 
Gly Ala Asp Val Thr Val Ser Gly Gly Lys Ala Thr Phe Thr He Pro Ala Lys Thr Ala Val Ala He 
Cys Thr Asp Glu Lys Trp Cys Gly Lys Gly Val Asp Pro Cys Ghi Ser Asp Pro Thr Gly Ser Ala Cys 
Val Cys Lys Gly Glu Thr Thr Val Asn Gly Val Cys Val Ser Trp Cys Asn Ala His Ser Ser Asn Glu 
Glu Cys Ala Cys Val Leu Asn Pro Asn Asp Ala Glu Cys Gin Ala Asp He Glu Pro Thr Lys Gly Lys 
Leu Cys Tyr Val Gly Thr Ser Asn Lys Trp Thr Gin Glu Pro Leu Thr Tyr Asn Arg Lys Thr Gly Phe 
Tip Thr Leu Asn Val Glu Leu Asp Gly Lys Gly Asp Thr Ser Gly Ala Gin Arg Phe Lys Val Thr 
Asp Gly Cys Ser Trp Gin Gly Thr Val Tyr Gly Ser Ser Gly Val Glu Gly Arg Leu Asp Val Asn Thr 
Ser Ala Thr Gly Asp Glu Pro Val Ser Leu Thr Gly Lys Tyr Val Leu Ser lie Asn Asp Lys Thr Met 
Glu Tyr Thr Phe He Pro Ala Gly Ser Gly Asn Lys Pro Pro Val Ala Ser Phe Thr Pro Thr Val Lys 
Asp Leu Thr Val Ser Phe Val Asn Asn Ser Ser Asp Pro Glu Asn Asp Glu Leu Thr Tyr Ser Trp Asn 
Phe Gly Asn Gly Lys Thr Ser Ser Glu Lys Asn Pro Ser Val Thr Tyr Asp Lys Ala Gly Lys Tyr Thr 
Val Ser Leu Lys Val Thr Asp Thr Ala Asn Asn Thr Asp Thr Lys Thr Leu Glu He Asp Leu Thr Ser 
Pro Val Asn Gly Lys Tyr Ser Lys Val Ala Val Arg Gly Ser His Asp Asn Tyr Gly Thr Asn Leu Leu 
Thr Arg Asn Gly Ser Glu Trp Thr Gly ne Phe Ghi Phe Ser Lys Thr Thr Lys Phe Lys Leu Glu Ala 
Leu Pro Pro Ala Ala Asp Gin Cys He Phe Leu Gly Gly Asn Arg Gly Glu Ala Leu Thr Ala Ser Gly 
Gly Phe He Ser Leu Pro Ala Gly Arg Tyr Thr ne Lys Phe Asn Ghi Glu Ser Lys Val Leu Thr Ala 
Gly Asp Val Asp Cys Thr Gly 

SEQIDNO: 151 
atgaaaactattctttcaacaatcatggt^ 

atg^gcagggattctactgggattcctattcagccaccaagtggactaaactggaagcacaggctgacgagatctgcaactatttctcgctggta 
tgggtaccacagtcggcctataccggcagcagtacctecatgggcte^ 

cttgj^ 

gaacgtgcagiiaatcggttcttgcctacaccataatatc 

atcgcatgtagccgactacaacaccaatgccggcgtgcagttctctgtcggcgaatattgggacggcactgc 
acagcaccaaaaagagcgatgtgccgcagtcggeagccttcgacttcgctttccgatacacctgccg 
gcgaacctgaagaacacttccggtatcagcgatgccgattacaggcgctatteggttacgmgttgaa^ 
acggcttcccaggatcccatcaagggtgatacggUgccrt^ 

accgactgcaaggaagagatcaagaatctcatcgaggcacgtcgcctggtcggtattcacaaccagagcacctatgcc 

tgcagcctacatcj^acgtaccgjaacaggtacgaacggca^ 

gattctctcaggcaaaaactataaatactacgtactcaacacgc 

accgtaacggttccgctcatcgccatatcggccgatgccaatgccaagctg 

gccgtaaccagcggaacggaactgaccatcacttcggacgcc^ 

cgtacattcaccttccaggctgcaaacacctccgagta^ 

cMgttttgggcaggfficcggsc^cgagcagatoacggcaactggccgg 
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ggtacacgcagtcgttccagattccgaagaacgtggactatgtcgtgaacWgtWcaccacaaccggcggcggtacgcagacagtggat^ 
accggcatgaaggccgatgtctggtacattattaacagtaccaag 

agaggccatctttgatgaagaaaactccggctccttccctgtctatgacctgcagggacgccgcgtcagcgaaattagaaacaggacaattatat 
cttcagaacggaaagaagatacteatcagataaacagaggttccgaaccattctcc^ 

ggtttggggggcttgtacaccatcagctgctcctcgtcggg 
SEQIDNO: 152 

Met Lys Thr He Leu Scr Thr He Met Val Met Ala Ala Ala Ala Ala Thr Thr Val Glu Ala Gin Gly 
Trp Pro Glu Asn Tyr Gly Gly Val Met Leu Gin Gly Phe Tyr Tip Asp Ser Tyr Ser Ala Thr Lys Trp 
Thr Lys Leu Glu Ala Gin Ala Asp Glu He Cys Asn Tyr Phe Ser Leu Val Tip Val Pro Gin Ser Ala 
Tyr Thr Gly Ser Ser Thr Ser Met Gly Tyr Asp Pro Leu Tyr Tyr Phe Asp Gin His Ser Ser Phe Gly 
Thr Glu Glu Glu Leu Arg Ser Phe He Ser Thr Tyr Lys Gin Lys Gly Thr Gly lie He Ala Asp Val Val 
Val Asn His Arg Lys Asn Val Ser Asn Trp Val Asp Phe Pro Ala Glu Thr Tyr Asn Gly Val Thr Tyr 
Gin Met Val Ser Thr Asp lie Val Ser Asn Asp Asp Gly Gly Lys Thr Ala Thr Trp Ala Asn Gin Asn 
Gly Tyr Ser Leu Ser Ser Asn Ala Asp Glu Gly Glu Gly Trp Asp Gly Met Arg Asp Leu Asp His 
Lys Ser Gin Asn Val Gin Lys Ser Val Leu Ala Tyr Thr Lys Tyr Leu Val Asp Asp Leu Gly Tyr Thr 
Gly Phe Arg Tyr Asp Met Val Lys Gly Phe Asp Gly Ser His Val Ala Asp Tyr Asn Thr Asn Ala 
Gly Val Gin Phe Ser Val Gly Glu Tyr Trp Asp Gly Thr Ala Ser Lys Val Tyr Ser Trp lie Asn Ser 
Thr Lys Lys Ser Asp Val Pro Gin Ser Ala Ala Phe Asp Phe Ala Phe Arg Tyr Thr Cys Arg Asp Ala 
Val Asn Asn Lys Asn Tip Ala Asn Leu Lys Asn Thr Ser Gly lie Ser Asp Ala Asp Tyr Arg Arg Tyr 
Ser Val Thr Phe Val Glu Asn His Asp Thr Glu Tyr Arg Ser Ala Thr Ala Ser Gin Asp Pro He Lys 
Gly Asp Thr Vai Ala Leu Asn Ala Trp Met Leu Ala Met Pro Gly Thr Pro Cys Val Phe Leu Lys His 
Trp Thr Asp Cys Lys Glu Glu He Lys Asn Leu He Glu Ala Arg Arg Leu Val Gly He His Asn Gin 
Ser Thr Tyr Ala Glu Trp Met Ser Gly Ala Ala Tyr He Gly Arg Thr Val Thr Gly Thr Asn Gly Thr 
Leu Arg Val Leu Cys Gly Ser Tyr Gin Tyr Asn Val Ala Ala Asn Tyr He Gin He Leu Ser Gly Lys 
Asn Tyr Lys Tyr Tyr Val Leu Asn Thr Leu Glu Ala Pro Trp ne Gly Lys Gly Ser Gly Ser Tyr Thr 
Glu Gly Glu Thr Val Thr Val Pro Leu ne Ala He Ser Ala Asp Ala Asn Ala Lys Leu Val Tyr Thr 
Thr Asp Gly Thr Asp Pro Thr Ala Thr Ser Thr Ala Val Thr Ser Gly Thr Glu Leu Thr He Thr Ser 
Asp Ala Val Leu Lys Val Gly Leu Leu Ser Gly Gly He Val Axg Asn He Gin Ser Arg Thr Phe Thr 
Phe Gin Ala Ala Asn Thr Ser Glu Tyr Tyr Thr Ala Thr Met His Val Cys Asn Gin Ser Gly Ala Leu 
Asn Pro Leu Phe Ala Tyr Val Trp Ala Gly Pro Asp Asn Glu Gin He Asn Gly Asn Trp Pro Gly Thr 
Lys Leu Thr Ala Thr He Thr Glu Asn Asn Leu Thr Trp Tyr Thr Gin Ser Phe Gin He Pro Lys Asn 
Val Asp Tyr Val Val Asn Phe Val Phe Thr Thr Thr Gly Gly Gly Thr Gin Thr Val Asp Val Thr Gly 
Met Lys Ala Asp Val Trp Tyr He ne Asn Ser Thr Lys Ser Gly Asn Lys Tyr Thr ValTTur Asp Val 
Thr Ser Gin Tyr Ser Ser Leu Glu Ala He Phe Asp Glu Glu Asn Ser Gly Ser Phe Pro Val Tyr Asp 
Leu Gin Gly Arg Arg Val Ser Glu He Arg Asn Arg Thr He He Ser Ser Glu Arg Lys Glu Asp Thr 
His Gb Be A$n Arg Gly Ser Gill ^ Phe S^r Tyr Tyr Glu Asp Gin 1^^4S^^'^^'tif • 
Ala City PKe Gly Gly Leu V*l fife His Gl* Leu Leu Leu Vat Gly 

SEQIDNO: 69 

atgttgaaaaggattacgg^gtctgtttettgtttatm^ 

acattaatgcagtatmgagtggtacgctccgaatgatgggaatcattggaatcgtttgcgttccgatgc^ 

atctgtatggataccacctgcatataaagggacttcgcaaaatgatgtagggtatggggcctatgatttato 

ggaacggtgcggacgaaatatgggacaaaagcacagftgaaatctgcaattga^ 

ttatgaatcataaaggtggggctgattatactgaaaccgtaacagct 

aattagtgcatggacggggtttaattttecagggcgcggaga 

aaggaag gaaattmt egaatttataaatttagg 

gtatgcagatcttpttttgatcatcctgatgttgcga^ 

ggacgctgttaaacatattgatcatgaatatttacgcga^ 

titggcaaaaCga&gtfteaggctGG^c^ 
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aacaggaaatgggaattatgatatgagaaatattttaaatggaacagteatgaaaaate^^ 

tctcagcctgggcagtcattggaatctgtagtaagtccgtgg^ 

ttctatggtgattactatgggacaagcggaaatagtagttatgaaattw^ 

tgcatatggtacgcagcgtgattatttagaccatccagatg^ 

attactctcggacggaccaggaggatcaaagtggatggatgttggaaag 

aaatactgtaacaattaataaggacggatgggggcagttctatgtaagtggcggctcagmccatatatgttcagcggtaa 
SEQIDNO:70 

Met Leu Lys Arg He Thr Val Val Cys Leu Leu Phe lie Leu Leu Phe Pro Asn He Tyr Glu Gly Asn 
Lys Ala Glu Ala Ala Thr Val Asn Asn Gly Thr Leu Met Gin Tyr Phe Glu Tip Tyr Ala Pro Asn Asp 
Gly Asn His Trp Asn Arg Leu Arg Ser Asp Ala Glu Ser Leu Ala His Lys Gly He Thr Ser Val Trp 
He Pro Pro Ala Tyr Lys Gly Thr Ser Gin Asn Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu 
Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly Thr Lys Ala Gin Leu Lys Ser Ala He 
Asp Ala Leu His Lys Gin Asn lie Asp Val Tyr Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp 
Tyr Thr Glu Thr Val Thr Ala Val Glu Val Asp Arg Asn Asn Arg Asn lie Glu Val Ser Gly Asp Tyr 
Gin Re Ser Ala Trp Thr Gly Phe Asn Phe Pro Gly Arg Gly Asp Ala Tyr Ser Asn Phe Lys Trp Lys 
Trp Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Gly Arg Lys Leu Asn Arg He Tyr Lys Phe Arg Gly 
Val Asp Lys Ala Trp Asp Trp Glu Val Ser Ser Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp 
Leu Asp Phe Asp His Pro Asp Val Ala Asn Glu Met Lys Asn Tip Gly Thr Trp Tyr Ala Asn Glu 
Leu Asn Leu Asp Gly Phe Arg Leu Asp Ala Val Lys His He Asp His Glu Tyr Leu Aig Asp Trp Val 
Asn His Ala Arg Gin Gin Thr Gly Lys Glu Met Phe Thr Val Ala Glu Tyr Trp Gin Asn Asp Val Gin 
Ala Leu Asn Asn Tyr Leu Ala Lys Val Asn Tyr Asn Gin Ser Val Phe Asp Ala Pro Leu His Tyr Asn 
Phe His TyT Ala Ser Thr Gly Asn Gly Asn Tyr Asp Met Arg Asn He Leu Asn Gly Thr Val Met Lys 
Asn His Pro Ala Leu Ala Val Thr Leu Val Glu Asn His Asp Ser Gin Pro Gly Gin Ser Leu Glu Ser 
Val Val Ser Pro Trp Phe Lys Prq Leu Ala Tyr Ala Phe He Leu Thr Arg. Ala Glu Gly Tyr Pro Ser 
Val Phe Tyr Gly Asp Tyr Tyr Gly Thr Ser Gly Asn Ser Ser Tyr Glu He Pro Ala Leu Lys Asp Lys 
He Asp Pro He Leu Thr Ala Arg Lys Asn Phe Ala Tyr Gly Thr Gin Arg Asp Tyr Leu Asp His Pro 
Asp Val lie Gly Trp Thr Arg Glu Gly Asp Gly Val His Ala Asn Ser Gly Leu Ala Thr Leu Leu Ser 
Asp Qy Pro Gly Gly Ser Lys Trp Met Asp Val Gly Lys Asn Asn Ala Gly Glu Val Trp Tyr Asp He 
Thr Gly Asn Gin Thr Asn Thr Val Thr He Asn Lys Asp Gly Trp Gly Gin Phe Tyr Val Ser Gly Gly 
Ser Val Ser He Tyr Val Gin Arg 

SEQ ID NO: 153 

ttgccttcaattaatgcaagcgattgcaaaaaaaagggagataggagtat^ 

atgagcttatcaacaaacatacaagcagaaacattacataataataagggte 

gtatgttaattetttto^ 

aa^^tett^ 

agtgagcatccttggfflgtcgatgcattaaaaaataaaaacagtaagtatcga 
aggcccatggggtcaacaaj^tggcaca^ 

caaccctaaagtaagagaagaaatgattaaaategggaaat^ 

taaagggcaaaracctgaaggagcaaagaaaaatattga^ 

agtfgg^gaaatatgggatcaaccagaagtagngcta 

gttaaaaatggtactgatcaaggggtagccgcggcagctgttgcaa^ 

ttaacgaatcatgaccaaaatcgtgtaatgagtgagttaaatggtgatgtaaacaaagcaaaatcagca 

atccgtteatttattatggcgaagaaateggcatgacaggccaaa^ 

aaggtcaaacgagctgggagactccagtatataacattgatcataatggtgtttcagttga^ 

attatcgtaaaatgattcgtgttcgtcagcaacacgatgaactt^ 

cgtacgtataaaaataaatcaattcaagtgtaccataatatttcaga 

gaattlaggagcaaaaaaggaaaaatcaacattagt^ttccagc^^ 
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SEQ ID NO: 154 

Met Pro Ser He Asn Ala Ser Asp Cys Lys Lys Lys Gly Asp Arg Ser Met Lys Arg Lys Lys Tip Thr 
Ala Leu Ala Leu Ser Leu Pro Leu Val Met Ser Leu Ser Thr Asn lie Gin Ala GIu Thr Leu His Asn 
Asn Lys Gly Gin Lys Ala Gin Thr Gly Asn Lys Asp Gly He Phe Tyr GIu Leu Tyr Val Asn Ser Phe 
Tyr Asp Thr Asp Ser Asn Gly His Gly Asp Leu Lys Gly Val Thr Lys Lys Leu Asp Tyr Leu Asn 
Asp Gly Asn Pro Arg Thr Asn Asn Asp Leu Gin He Asn Gly He Trp Met Met Pro He Asn Thr Ser 
Pro Ser Tyr His Lys Tyr Asp Val Thr Asp Tyr Tyr Asn lie Asp Pro Gin Tyr Gly Ser Leu Gin Asp 
Phe Arg GIu Leu Thr Thr GIu Ala His Lys Arg Asn Val Lys Val Val He Asp Leu Val lie Asn His 
Thr Ser Ser GIu His Pro Trp Phe Val Asp Ala Leu Lys Asn Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr 
lie Trp Ala Asp Lys Asn Thr Asp Leu Asn GIu Lys Gly Pro Trp Gly Gin Gin Val Trp His Lys Ala 
Ser Asn Gly Ghi Tyr Phe Tyr Ala Thr Phe Trp GIu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro Lys 
Val Arg GIu GIu Met ne Lys He Gly Lys Phe Trp Leu Lys Gin Gly Ala Asp Gly Phe Arg Leu Asp 
Ala Ala Met His He Phe Lys Gly Gin Thr Pro GIu Gly Ala Lys Lys Asn He GIu Trp Trp Asn GIu 
Phe Arg Asp Ala Met Aig GIu Thr Asn Pro Asn Thr Tyr Leu Val Gly GIu He Trp Asp Gin Pro GIu 
Val Val Ala Pro Tyr Tyr Gin Ser Leu Asp Ser Thr Phe Asn Phe Asp Leu Ala Tyr Lys He Val Asn 
Ser Val Lys Asn Gly Thr Asp Gin Gly Val Ala Ala Ala Ala Val Ala Thr Asp GIu Leu Tyr Lys Thr 
Tyr Asn Pro Asn Lys He Asp Gly Thr Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser GIu Leu 
Asn Gly Asp Val Asn Lys Ala Lys Ser Ala Ala Ser lie Leu Leu Thr Leu Pro Gly Asn Pro Phe He 
Tyr Tyr Gly GIu GIu He Gly Met Thr Gly Gin Lys Pro Asp GIu Leu He Arg GIu Pro Phe Arg Trp 
Tyr GIu Asp Asp Lys GIu Gly Gin Thr Ser Trp GIu Thr Pro Val Tyr Asn He Asp His Asn Gly Val 
Ser Val GIu Ala Gin Asp Lys Gin Lys Ala Ser Leu Leu Ser His Tyr Arg Lys Met He Arg Val Arg 
Gin Gin His Asp GIu Leu Val Lys Gly Asn Leu GIu Pro He Ser Val Asn Asn Ser Gin Val Val Ala 
Tyr Asn Arg Thr Tyr Lys Asn Lys Ser ne Gin Val Tyr His Asn He Ser Asp Lys Pro Val Thr Leu 
Thr Val Ser Asn Lys Gly Lys Leu He Phe Ser Ser GIu Leu Gly Ala Lys Lys Glu Lys Ser Thr Leu 
Val He Pro Ala Asn Thr Thr Val Leu Val Lys 

SEQ ID NO: 155 

gtgtcaagaatgmgcaaaacgattcaiaaaccte 

cgaatgctgaaacggctaacaaateaaatgagcttaca^ 

toaaacacaatatgaaggatattcatgatgcaggatato^^ 

aaacatgtcgaactggtactggctctatcagec^ 

agccgctgaagaatatggcataaaggflattgttgaeg 

ccaaactggacacatggaaacacacaaattaaaaa^ 

cacaaaatacacaagtacagtcctamgaaacggttcttagaaaga^ 

tagagcttccggatgatggcagttacggcagtc^ 

cgtj^gtf^ , 
agtcgacatg^tgagcgitga^ 

aggcggaaatggtgtgagattcccggggaaaagccaaataggcgatcgcgggagtgctt^ 

attteacaatgtgatggctggacagcctgaggsacfc 

tgctggcaaatgcaggttcatcctctgtttctatcaato^^ 

agtaaatgacggtaaactgacaggcacgateaatgcca^ 

aattacaaaacaggtgtaacacattctttcaatgatcaactgacgattacactgcgtgca 

atggaccagagacggcgtttaaggatggagatcaattcacaate^ 

gaacagtgatggtgjaacgaggaccgaggaatacag^ 

ggagccaggtaaatgcttatatctataaacatgatgggggccgggca 

SEQ ID NO: 156 



* 
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Val Ser Arg Met Phe Ala Lys Arg Phe Lys Thr Ser Leu Leu Pro Leu Phe Ala Gly Phe Leu Leu Leu 
Phe His Leu Val Leu Ala Gly Pro Thr Ala Ala Asn Ala Glu Thr Ala Asn Lys Ser Asn Glu Leu Thr 
Ala Pro Ser He Lys Ser Gly Thr He Leu His Ala Trp Asn Tip Ser Phe Asn Thr Leu Lys His Asn 
Met Lys Asp He His Asp Ala Gly Tyr Thr Ala He Gin Thr Ser Pro He Asn Gin Val Lys Glu Gly 
Asn Gin Gly Asn Lys Asn Met Ser Asn Trp Tyr Trp Leu Tyr Gin Pro Thr Ser Tyr Gin He Gly Asn 
Arg tyr Leu Gly Thr Glu Gin Glu Phe Lys Glu Met Cys Ala Ala Ala Glu Glu Tyr Gly lie Lys Val 
He Val Asp Ala Val He Asn His Thr Thr Ser Asp Tyr Ala Ala He Ser Asn Glu He Lys Ser lie Pro 
Asn Trp Thr His Gly Asn Thr Gin He Lys Asn Trp Ser Asp Arg Trp Asp Val Thr Gin Asn Ala Leu 
Leu Gly Leu Tyr Asp Trp Asn Thr Gin Asn Thr Gin Val Gin Ser Tyr Leu Lys Arg Phe Leu Glu 
Arg Ala Leu Asn Asp Gly Ala Asp Gly Phe Arg Phe Asp Ala Ala Lys His lie Glu Leu Pro Asp Asp 
Gly Ser Tyr Gly Ser Gin Phe Trp Pro Asn He Thr Asn Thr Ser Ala Glu Phe Gin Tyr Gly Glu He 
Leu Gin Asp Ser Ala Ser Arg Asp Ala Ser Tyr Ala Asn Tyr Met Asn Val Thr Ala Ser Asn Tyr Gly 
His Ser lie Arg Ser Ala Leu Lys Asn Arg Asn Leu Gly Val Ser Asn He Ser His Tyr Ala Ser Asp 
Val Ser Ala Asp Lys Leu Val Thr Trp Val Glu Ser His Asp Thr Tyr Ala Asn Asp Asp Glu Glu Ser 
Thr Tip Met Ser Asp Asp Asp He Arg Leu Gly Trp Ala Val ne Ala Ser Arg Ser Gly Ser Thr Pro 
Leu Phe Phe Ser Arg Pro Glu Gly Gly Gly Asn Gly Val Arg Phe Pro Gly Lys Ser Gin He Gly Asp 
Arg Gly Ser Ala Leu Phe Glu Asp Gin Ala He Thr Ala Val Asn Arg Phe His Asn Val Met Ala Gly 
Gin Pro Glu Glu Leu Ser Asn Pro Asn Gly Asn Asn Gin ne Phe Met Asn Gin Arg Gly Ser His Gly 
Val Val Leu Ala Asn Ala Gly Ser Ser Ser Val Ser He Asn Thr Pro Thr Lys Leu Pro Asp Gly Arg 
Tyr Asp Asn Lys Ala Gly Ala Gly Ser Phe Gin Val Asn Asp Gly Lys Leu Thr Gly Thr He Asn ATa 
Arg Ser Val Ala Val Leu Tyr Pro Asp Asp He Ala Lys Ala Pro His Val Phe Leu Glu Asn Tyr Lys 
Thr Gly Val Thr His Ser Phe Asn Asp Gin Leu Thr ne Thr Leu Arg Ala Asp Ala Asn Thr Thr Lys 
Ala Val Tyr Gin ne Asn Asn Gly Pro Glu Thr Ala Phe Lys Asp Gly Asp Gin Phe Thr He Gly Lys 
Gly Asp Pro Phe Gly Lys Thr Tyr Thr He Met Leu Lys Gly Thr Asn Ser Asp Gly Val Thr Arg Thr 
Glu Glu Tyr Ser Phe Val Lys Arg Asp Pro Ala Ser Ala Lys Thr lie Gly Tyr Gin Asn Pro Asn His 
Tip Ser Gin Val Asn Ala Tyr He Tyr Lys His Asp Gly Gly Arg Ala 

SEQ ID NO: 157 

atgcaaacgattgcaaaaaaaggggatgaaacgatgaaagggaaaaaatggacagcato 

acaggcgttcacgccgaaaccgtacataaaggtaaagctccaaca^ 

gcaaataaagatggacatggtgatttaaaaggtcttaracaa 

acggaamggatgatgccggtaaacccttctcctagctateataaatatgatgtaacggac 

agattttcgcaagetgatgaaagaagcagataaacgagacgtaaaggttattatggaccto 

tcaagctgcanaaaagataaaaacagcaagtacagagattactate 

gcaagtatggcataaagctccaaacggagagtatttttatggtacgtmgggaaggaatgc 

agaaatgattaacgteg$$^^ 
aggaatcgj&j^ 

atcgcgtcatgagtg^gctaagqggcgatgtgaataaagcaaagtcagctgcctctato 

tgaagaaattggtutgaccggtgt^agcctgatga 
ggaaacatccgtatacaacaaaggcggcaatggtgflgtcagfagagac 

ttcgcgtgcgfcagcagcatgaagagttagtaaaaggaaccctte^ 

^ggcaaatcgattagcgtgtatcataatatttcaaatcaaccggtaaaagto 

gcaaaaaaagtcaaaaatcagcttgtggttccagctaatacaacggttttaataaaataa 

SEQ ID NO: 1 58 

Met Gto Thr He Ala Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Trp Thr Ala Leu Ala Leu Thr 

Leu Pro Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Glu Thr Val His Lys Gly Lys Ala Pro Thr 

Ala Asp Lys Asm Gly Vail Phe Tyr Glu Val Tyr VaJ Asm Ser Phe Tyr Asp Ala Asm Lys Asp Gly His 
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Gly Asp Leu Lys Gly Leu Jhr Gin Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Asn 
Asp Leu Gin Val Asn Gly He Trp Met Met Pro Val Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val 
Thr Asp Tyr Tyr Asn He Asp Pro Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala 
Asp Lys Arg Asp Val Lys Val He Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Tip Phe 
Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr He Trp Ala Asp Lys Asn Thr Asp 
Leu Asn Glu Lys Gly Ser Trp Gly Gin Gin Val Trp His Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly 
Thr Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Glu Met He Asn Val 
Gly Lys Phe Trp Leu Lys Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly 
Gin Thr Pro Glu Gly Ala Lys Lys Asn He Val Trp Tip Asn Glu Phe Arg Asp Ala Met Lys Lys Glu 
Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Trp Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser 
Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys He Val Asn Ser Val Lys Ser Gly Asn Asp Gin 
Gly He Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys He Asp Gly 
He Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser Glu Leu Ser Gly Asp Val Asn Lys Ala Lys 
Ser Ala Ala Ser He Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu He Gly Met Thr 
6ly Glu Lys Pro Asp Glu Leu ne Arg Glu Pro Phe Arg Trp Tyr Glu Gly Asn Gly Leu Gly Gin Thr 
Ser Trp Glu Thr Ser Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Thr Gin Thr Lys Gin Lys 
Asp Ser Leu Leu Asn His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly 
Thr Leu Gin Ser He Ser Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Lys Ser He 
Ser Val Tyr His Asn He Ser Asn Gin Pro Val Lys Val Ser Val Thr Ala Lys Gly Lys Leu ne Phe Ala 
Ser Glu Lys Gly Ala Lys Lys Val Lys Asn Gin Leu Val Val Pro Ala Asn Thr Thr Val Leu He Lys . 

SEQIDNO:159 

ttgcaaaaaaaaggggatgaaacgatgaaagggaaaaaatggacagctmgctctaacaetgccgctggctgctagcttatcaacaggcgttc 

acgccgaaaccgtacataaaggtaaatctccaacagcagataaaaacggtg^ 

tggacatggtgatttaaaaggtcttacacaaaagttggattatttaaatgatggcaattc 

gatgccggtcaacccttctcccagctatcataaatatgat^ 

tgatgaaagaagcagataaacgagatgtaaaagtcattatggaccte 

aagataaaaacagcaagtacagagattactatatctgggctgat 

taaagctccaaac ggagagtatttttacggaac gttttgggaaggaatgccggac ttaaattacgataatcc tgaagtaagaaaagaaatga ttaa 

cgtaggaaagttttggctaaagcaaggagttgatgggtta 

aaatetcctgtggtggaatgaatttagagatgcaa 

gtagctccttactatcaatcgcttgattctttatttaacmgatttagcaggaaagattg 

ctgcagcagcggcaacggatgaactgttcaaatcatacaatccaaa 

gtgagctaaacggcgatgtgaataaagcaaagtcagctgcctctatcttactta^ 

catgawggtgaaaagcctgatgagttaatecgtgaac^ 

atataacaaaggcggcaacggcgtgtctgtegaagcaca^ 

age^caeg^g^ 

*£taige^^ 

caaaaiatcagcttgtgattec^ 
SEQIDNO: 160 

Met Gin Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Trp Thr Ala Leu Ala Leu Thr Leu Pro 
Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Glu Thr Val His Lys Gly Lys Ser Pro Thr Ala Asp 
Lys Asn Gly Val Phe Tyr Glu Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His Gly Asp 
Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leii Asn Asp Gly Asn Ser His Thr Lys Asn Asp Leu 
Gin Val Asn Gly He Tip Met Met Pro Val Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val Thr Asp 
Tyr Tyr Asn lie Asp Pro Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala Asp 
Lys Arg Asp Val Lys Val lie Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Tip Phe Gin 
Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr lie Tip Ala Asp Lys Asn Thr Asp Leu 
Asm Glu Lys Gly Ser Tip Gly Gin Gin Val Tip His Lys Ala Pro Asm Gly Gto Tyr Phe Tyr Gly Thr 
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Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro GIu Val Arg Lys Glu Met He Asn Va! Gly 
Lys Phe Trp Leu Lys Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly Gin 
thr Pro Glu Gly Ala Lys Lys Asn Leu Leu Trp Trp Asn Glu Phe Arg Asp Ala Met Lys Lys Glu 
Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Trp Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser 
Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys He Val Asn Ser Val Lys Ser Gly Asn Asp Gin 
Gly He Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe LyS Ser Tyr Asn Pro Asn Lys He Asp Gly 
He Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser Glu Leu Asn Gly Asp Val Asn Lys Ala Lys 
Ser Ala Ala Ser He Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu He Gly Met Thr 
Gly Glu Lys Pro Asp Glu Leu He Arg Glu Pro Phe Pro Trp Tyr Glu Gly Asn Gly Leu Gly Gin Thr 
Ser Tip Glu Thr Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin Lys 
Asp Ser Leu Leu Asn His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly 
Thr Leu Gin Ser He Ser Val Asp Ser Lys Ghi Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Lys Ser He 
Ser .Val Tyr His Asn ne Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu He Phe Ala 
Ser Glu Lys Gly Ala Lys Lys Val Lys Asn Gin Leu Val ne Pro Ala Asn Thr Thr Val Leu lie Lys 

SEQIDNO:161 

gtggatccaaagaattgtagtcaatttatgcaaacgattgcaaaaaaaggggatgaaacgatgaaagggaaaaaatgga 

cactgccgctggctgctagcttatcaacaggtgfc 

gaggtatatgtaaactctttttacgatgcaaataaagatggac 

toatecaaagaatgatottcaagtaaacgggamggatgatgccg^ 

tgatccgcagtatggaaatctgcaagattttcgcaaacttatgaaa^ 

acgagcagtgaacacccttggmcaagctgcgttgaaagataaaaacag 

aatgaaaaaggatcttggggacaacaagtatggcataaagctccaaacggagag 

attacgataaccctgaagjaagaaaagaaatgattaacgfc 

atatttttaaaggtcaaacgcctgaaggcgcta^ 

tatctaacgggtgaagtgtgggaccagccagaagtagtagc^ 

agctctgtaaaagcaggaaatgatcaaggaatcgccactgca^ 

gcattttcttaaccaaccatgaccaaaatcgcgtcatgag^ 

tcctggaaatccgtatatttatacggtgaagaaattggcat 

caacggaattggacaaactagetgggaaacacctgtatataacaaagg 

ccttgttaaatcattaccgtgaaatgattcgtgtgcgccagcag 

aagtcgttgcctatagcxgcacgtacaaaggcaaatcgattag 

gtaacttgkttmgctagtgaaaaaggtgcta^ 

SEQIDN0:162 

Val Asp Pro Lys Asn Cys Ser Gin Phe Met Gin Thr He Ala Lys Lys Gly Asp Glu Thr Met Lys Gly 
Ly$ L^/^Thr Afc Lett Ala ^ Tl^r tea Pro Leu Ala ^ S^ Ew Ser Thr CHy Val His Ala Ghi 
l^ Vaf^ Vaf tyr Val Asn Ser 

Phe Tyr Asp Ala Asn Lys Asp Gly His Gly Asp Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leu 
Asn Asp Gly Asn Ser His Thr Lys Asn Asp Leu Gtri Val Asn Gly ne Tip Met Met Pro Val Asn Pro 
Ser Pro Ser TYr His Lys Tyr Asp Val Thr Asp Tyr Tyr Asn He Asp Pro Gin Tyr Gly Asn Leu Gin 
Asp Phe Arg Lys Leu Met Lys Glu Ala Asp Lys Arg Asp Val Lys Val He Met Asp Leu Val Val 
Asn His Thr Ser Ser Glu His Pro Trp Phe Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp 
Tyr Tyr He Tip Ala Asp Lys Asn Thr Asp Leu Asn Glu Lys Gly Ser Trp Gly Gin Gin Val Tip His 
Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly Thr Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp 
Asn Pro Glu Val Arg Lys Glu Met He Asn Val Gly Lys Phe Trp Leu Lys Gin Gly Val Asp Gly Phe 
Arg Leu Asp Ala Ala Leu His He Phe Lys Gly Gin Thr Pro Glu Gly Ala Lys Lys Asn He Leu Tip 
Trp Asn Glu Phe Arg Asp Ala Met Lys Lys Glu Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Trp 
Asp Gin Pro Glu Val Val Ala Pro Tyir Tyr Glim Ser Lea Asp Ser Lea Phe Asm' Phe Asp Leu Ala Gly 
Lys He Val Ser Sej VaE Lys Ate GEy Asia Asp Gto Gly lb Ah Thr Ah Ala Ah Ah Thr Asp Glu 
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Uu Phe Lys Ser Tyr Asn Pro Asn Lys He Asp Gly He Phe Leu Thr Asn His Asp Gin Asn Arg Val 
Met Ser Glu Leu Ser Gly Asp Val Asn Lys Ala Lys Ser Ala Ala Ser He Leu Leu Thr Leu Pro Gly 
Asn Pro Tyr He Tyr Tyr Gly Glu Glu lie Gly Met Thr Gly Glu Lys Pro Asp Glu Leu He Arg Glu 
Pro Phe Arg Trp Tyr Glu Gly Asn Gly He Gly Gin Thr Ser Trp Glu Thr Pro Val Tyr Asn Lys Gly 
Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin Lys Asp Ser Leu Leu Asn His Tyr Arg Glu Met 
He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly Thr Leu Gin Ser lie Ser Val Asp Ser Lys 
Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Lys Ser He Ser Val Tyr His Asn He Ser Asn Gin Pro 
Val Lys Val Ser Val Ala Ala Lys Gly Asn Leu He Phe Ala Ser Glu Lys Gly Ala Lys Lys Val Lys 
Asn Gin Leu Val He Pro Ala Asn Ala Thr Val Leu He Lys 

SEQIDNO:163 

atggtacgtcccgaacgacgggctgcattggaaccgactatcgaacgacte^ 

ccggcgtacaaaggcacgtcacagaacgatgtegg 

gacgaagtacgggacgaaagcgcagctecagaccgccatctcgaacttgc 

cacaagggcggggccgattataccgaatccgttcaggcgatcgaggtcaatccgtcgaaccggaaccaagaaa 

ctcggcctggactgggttcaacttcgcggggcgcaacaata^^ 

agtcacgcagcttgagccgcatctataagttcaagagcaca 

cttatgjatgccgacgtegamcgagcateccgaggtccgcraa 

ggtttccggttggatgcggtcaaacatateagccactcgt^^ 

acggtcgccgagjattggaagaacgatctcggtgccatcaac^ ' 

attataacttccaagcggccggtaacggcggcggg^ 

cgtgacgattgtcgataaccacgacteacagccgggcc^ 

tcatgacgcgcggtcagggttatccggccctcttctatggagacto 

gcacgctccaaccgatmgaaggcacgaaaagacttcgcctacg^acgcag 

gtgaaggtgtgaccgaccgtgccaaategggtctcgcgac 

aacgccggcgaggtatggaaagacatgacgaacaacaacgcccgte 

aggctcggtctcgatttatacgcaacaataa 

■ • 

SEQIDNO:164 

Met Val Arg Pro Glu Arg Arg Ala Ala Leu Glu Pro Thr He Glu Arg Leu Ala Ala Leu Glu Arg His 
Trp ValThr Thr Val Trp He Pro Pro Ala Tyr Lys Gly Thr Ser Gin Asn Asp Val Gly Tyr Gly Ala 
Tyr Asp Leu Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Thr Arg Thr Lys Tyr Gly Thr Lys 
Ala Gin Leu Gin Thr Ala He Ser Asn Leu Arg Gly Lys Gly He Gly Val Tyr Gly Asp Val Val Met 
Asn His Lys Gly Gly Ala Asp Tyr Thr Glu Ser Val Gin Ala He Glu Val Asn Pro Ser Asn Arg Asn 
Gin Glu Thr Ser Gly Glu Tyr Gly lie Ser Ala Trp Thr Gly Phe Asn Phe Ala Gly Arg Asn Asn Thr 
Tyr Ser Pro Phe Lys Trp Ajg Trp Tyr His Phe Asp Gly Thr A$p Trp Asp Gin Ser Arg Ser Leu Ser 
>fcg^ 

Gly Lys Trp Tyr Ala Asp Sit Leu-'tfy leii Asp 6ly Phe Arg Leu Asp Ala Val Lys Hts he Ser His 
Ser Tyr Leu Lys Glu Trp Val Thr Ser Val Arg Gin Thr Thr Gly Lys Glu Met Phe Thr Val Ala Glu 
Tyr Trp Lys Asa Asp Leu Gly Ala He Asn Asp Tyr Leu Tyr Lys Thr Gly Tyr Thr His Ser Val Phe 
Asp Val Pro Leu His Tyr Asn Phe Gin Ala Ala Gly Asn Gly Gly Gly Tyr Tyr Asp Met Arg Asn ne 
Leu Lys Gly Thr Val Thr Glu Gin His Pro Ser Leu Ser Val Thr ne Val Asp Asn His Asp Ser Gin 
Pro Gly Gin Ser Leu Glu Ser Thr Val Ala Asn Tip Phe Lys Pro Leu Ala Tyr Ala Thr ne Met Thr 
Arg Gly Gin Gly Tyr Pro Ala Leu Phe Tyr Gly Asp Tyr Tyr Gly Thr Lys Gly Thr Thr Asn Arg Glu 
He Pro Asn Met Ser Gly Thr Leu Gin Pro lie Leu Lys Ala Arg Lyis Asp Phe Ala Tyr Gly Thr Gin 
His Asp Tyr Leu Asp His Gin Asp Val He Gly Trp Thr Arg Glu Gly Val Thr Asp Arg Ala Lys Ser 
Gly Leu Ala Thr He Leu Ser Asp Gly Pro Gly Gly Ser Lys Tsp Met Tyr Val Gly Lys Gin Asn Ala 
Gly Glu Val Trp Lys Asp Met Thr Asn Asn Asn Ala Arg Lena Val Thr He Asia Ala Asp Gly Tirp Gly 
Gin Phe Phe Val Asn G5y GEy Ser VaS Sesr Ih Tyir lbs Gki Gto 
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SEQIDNO:165 

atgcagtamcgagtggtacgtgccaaatgatggggaacattggaatcgmgcgtaatgatgctgaaaatttagctcataaaggaattacatct^ 
atggataccacccgtatataaaggaacttcacaaaatgatgte^^ 

gatacggapaaaatatgggacaaaagcacaattaaaatctgcaattgaggctta^ 

cataaaggtggggcagattatectgaggttgtaacagccgttgaggtagaccgtaac^ 

gcgtggacgggamgatmccaggacgcagggactcctattctaattttaaatggagatggmc 

ggaaattaaatagaamataaatttaaaggcgtaggtaaagcttgggactgggaagtgtctagtgagaatggtaactatgatto 
gatcttgatttcgatcatcctgaagttgcaaatgaaatgaaaaart^^ 

cagttaaacatattgaccatgagtatcttcgtgattgggtaaatcatgttagaaagcaaacggggaaggaaatgt^ 

aaatgatattcgtactttaaacaattatmgggaaagtaaattataatcaatctgtgttcgatgcaccte 

gaatggaaattatgatatgaggaatattttaaagggtacggtagtagaaagtcatcctac^^ 

tggacagtcattagaatctgttgtgagtccttggtttaagccgttggcctatgcatttattttaacgcgtgcag^ . 

attactatggcacaaatggaaatagtagttatgaaattccaacgttaaaggataaaattgatccaattctg^ 

Ucgcaacatgattatttagaccatccagatgtgattggctggacaagagaaggg^ 

atggaccaggaggatcaaaatggatgaatgttggaaagaacaacgcaggggaaatatggtacgatattacgggcaate 
cgattaataaagatggatgggggcagttccatgtaaatgggggctctgtttcaatatatgttcagaagtaa 

SEQIDNO:I66 

Met Gin Tyr Phe Glu Trp Tyr Val Pro Asn Asp Gly Glu His trp Asn Arg Leu Arg Asn Asp Ala 
Glu Asn Leu Ala His Lys Gly He Thr Ser Val Trp lie Pro Pro Val Tyr Lys Gly Thr Ser Gin Asn 
Asp Val Gly Tyr Gly Val Tyr Asp Val Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr 
Lys Tyr Gly Thr Lys Ala Gin Leu Lys Ser Ala He Glu Ala Leu His Asn Gin Asn He Asp Val Tyr 
Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp Tyr Thr Glu Val Val Thr Ala Val Glu Val Asp 
Aijj Asn Asn Arg Asn lie Glu Thr Ser Ser Asp Tyr Gin lie Asp Ala Tip Thr Gly Phe Asp Phe Pro 
Gly Arg Arg Asp Ser Tyr Ser Asn Phe Lys Trp Arg Trp Phe His Phe Asp Gly Thr Asp Tip Asp Glu 
Gly Arg Lys Leu Asn Arg He Tyr Lys Phe Lys Gly Val Gly Lys Ala Tip Asp Trp Glu Val Ser Ser 
Glu Asn Qly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Phe Asp His Pro Glu Val Ala Asn 
Glu Met Lys Asn Trp Gly Thr Trp Tyr Ala Asp Glu Leu Asn Leu Asp Gly Phe Arg Leu Asp Ala 
Val Lys His lie Asp His Glu Tyr Leu Arg Asp Trp Val Asn His Val Arg Lys Gin Thr Gly Lys Glu 
Met Phe Thr Val Ala Glu Tyr Trp Gin Asn Asp lie Arg Thr Leu Asn Asn Tyr Leu Gly Lys Val Asn 
Tyr Asn Gin Ser Val Phe Asp Ala Pro Leu His Tyr Asn Phe His Tyr Ala Ser Thr Gly Asn Gly Asn 
Tyr Asp Met Arg Asn He Leu Lys Gly Thr Val Val Glu Ser His Pro Thr Leu Ala Val Thr Leu Val 
Glu Asn His Asp Ser Gin Pro Gly Gin Ser Leu Glu Ser Val Val Ser Pro Trp Phe Lys Pro Leu Ala 
Tyr Ala Phe He Leu Thr Arg Ala Glu Gly Tyr Pro Ser Val Phe Tyr Gly Asp Tyr Tyr Gly Thr Asn 
Gly Asn Ser Ser Tyr Glu He Pro Thr Leu Lys Asp Lys He Asp Pro lie Leu Thr Ala Arg Lys Asn 
PheM ^ ^ A&Mtefo§ Gly Asp 

S^^llfc^ 

Val Gly Lys Asa Asn Ala Gly Glu lie Tr|> Tyr Asp He thr Gly Asn Gin Thr Asn Thr Val Thr He 
Ash Lys Asp Gly Trp Gly Gin Phe His Val Asn Gly Gly Ser Val Ser He Tyr Val Gin Lys 

SEQIDNO:167 

atgcaaacgattgcaaaaaaaggggatgaaacgatgaaagggaaaaaatggara 

acaggcgttcacgccgaaaccgtacataaaggtaaatetecaacagc^ 

caaataaagatggacatggtgatttaaaaggtcttacacaaaagtt 

gggamggatgatgccggteaacccttetcccagctatw 

attttcgcaaactgatgaaagaagcagataaacgagatgtaaaagte^ 

aagctgcattaaaagataaaaacagc^gtacagagattactatate 

gcaagtatggcataaagccccaaacggagagtamttacggaacgtmgggaaggaatgccggac 

aagaaatgattaacgtoggaaagtmggctaaagcaagga 



WO 2004/091544 



PCT/US2004/007096 



FIGURE 16SSS . 

aaggcgctaagaaaaatctcctgtggtggaatgaatttagagatgcaatgaaaaaggaaaaccctaacgtatatctaacgggtgaagtatggga 
tcaaccggaagtagtagctccttactatcaatcgcttgattctttatt^ 

caaggaatcgcgactgcagcagcggcaacggatgaactgttcaaatcatacaatccaaataaaattgacggtattttcttaaccaaccatgacca 

aaatcgcgtcatgagtgagctaagcggcgatgtgaataaagcaaagtcagctgcctctatcttacttacgcttcctggcaacccgtata 

ggtgaagaaatcggcatgaccggtgaaaagcctgatgagttaatccgtgaacxgttccgctggtacgaaggaaacggacttggacaaaccag 

ctgggaaacacctgUtacaacaaaggcggcaacggcgtgtctgtagaagcacaaacaaaacaaaaggactcmgttaaatcattaccgtgaa 

atgattcgcgtgcgtcagcagcacgaagagttegtaaaaggaacgcttcaatctattto 

gtataaaggcaaatcgattagcgtgtatcataatamcaaatcaaccggtaaaagtatctgtagcagcaaaaggtaaattgattm 
aaggtgctaagaaagtcaaaaatcagcttgtgattccggcgaatacaacggttttaataaaataa 

SEQ ID NO: 168 

Met Gin Thr He Ala Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Tip Thr Ala Leu Ala Leu Thr 
Leii Pro Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Ghi Thr Val His Lys Gly Lys Ser Pro Thr 
Ala Asp Lys Asn Gly Val Phe Tyr Glu Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His 
Gly Asp Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Asn 
Asp Leu Gin Val Asn Gly He Trp Met Met Pro Val Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val 
Thr Asp Tyr Tyr Asn He Asp Pro Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala 
Asp Lys Arg Asp Val Lys Val He Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Trp Phe 
Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr ne Trp Ala Asp Lys Asn Thr Asp 
Leu Asn Glu Lys Gly Ser Trp Gly Gin Gin Val Trp His Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly 
Thr Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Glu Met ne Asn Val 
Gly Lys Phe Trp Leu Lys Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly 
Gin Thr Pro Glu Gly Ala Lys Lys Asn Leu Leu Trp Trp Asn Glu Phe Arg Asp Ala Met Lys Lys 
Glu Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Trp Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin 
Ser Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys lie Val Asn Ser Val Lys Ser Gly Asn Asp 
Gin Gly He Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys He Asp 
Gly He Phe Leu Thr Asn His Asp Gin Asn Ajg Val Met Ser Glu Leu Ser Gly Asp Val Asn Lys Ala 
Lys Ser Ala Ala Ser lie Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu He Gly Met 
Thr Gly Glu Lys Pro Asp Glu Leu He Arg Glu Pro Phe Ajg Trp Tyr Glu Gly Asn Gly Leu Gly Gin 
Thr Ser Trp Glu Thr Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin 
Lys Asp Ser Leu Leu Asn His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys 
Gly Thr Leu Gin Ser He Ser Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Lys 
Ser ne Ser Val Tyr His Asn He Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu He 
Phe Gly Ser Glu Lys Gly Ala Lys Lys Val Lys Asn Gin Leu Val He Pro Ala Asn Thr Thr Val Leu 
He Lys 

SEQIQ^IP 
atgaai^u^ 

cattggtatgtacxtaatgatggcgcattat 

gccagcttacaaaggcgcgggcggcag^atgacgtcggttatggcgtctatgatatgtacga 
gaaccaaatacggcaccaaggctcagjacatctetgcaatcaa 

cgaggtggtgctgatgggaagtcgtgggtcgataccaagcgcgttgattgggacaaccgtaacattgaactgggc 

tgggttgagtttaattttectggccgcaacgatwa 

agaaaaagcgatcmaaattcaaaggcgaaggaaaagcatgggattggga^ 

cgatttagacatggafcatcaagaagttaaacaagagctgaaagattggg 

gatgccgtgaagcacattaaatatcagtatctacaagagtgga 

ggaattacgacgtaaatea&ctgcataactttattactaagarc 

tcaaaatctggcggcaattacgatatgcgccaaatcatgaatggcacgttgatgaaggacaaeccagteaaagc 
acgatacacagccaUgcaggcgttagagtcgacagtggattggtggttcaagcctcttgcttacgcattc 

atcagtgttctacgcagattactaGggcgcgc&gtaca^^ 
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cactgcg^aagagtatgcgtatggcaaacagaattcttatctcgaccactgggatgtgattggctggacccgagagggcgatgctgaa 

aaactcaatggcggtgatcatgagtgatggaccaggtggcaaaaaatggatgtataccggtaagccaagcacgcgctatgtcgacw 

gtatccgaactgaagaagmggaccgataccaatggctgggcagaatttcctgtcaatggtggttcagtctcggmgggtgggcgtto 

SEQIDNO:170 

Met Lys Thr Phe Lys Leu Lys Arg Thr Phe Leu Pro Leu Thr Leu Leu Leu Ser Ala Pro Ala Phe Ala 
Gly Gin Asn Gly Thr Met Met Gin Tyr Phe His Trp Tyr Val Pro Asn Asp Gly Ala Leu Trp Thr Gin 
Val Glu Ser Asn Ala Pro Ala Leu Ala Glu Asn Gly Phe Thr Ala Leu Tip Leu Pro Pro Ala Tyr Lys 
Gly Ala Gly Gly Ser Asn Asp Val Gly Tyr Gly Val Tyr Asp Met Tyr Asp Leu Gly Glu Phe Asp 
Gin Lys Gly Ser Val Arg Thr Lys Tyr Gly Thr Lys Ala Gin Tyr lie Ser Ala lie Asn Ala Ala His 
Asn Asn Asn lie Gin lie Tyr Gly Asp Val Val Phe Asn His Arg Gly Gly Ala Asp Gly Lys Ser Trp 
Val Asp Thr Lys Arg Val Asp Trp Asp Asn Arg Asn He Ghi Leu Gly Asp Lys Trp He Glu Ala Tip 
Val Glu Phe Asn Phe Pro Qfy Arg Asn Asp Lys Tyr Ser Asn Phe His Trp Thr Tip Tyr His Phe Asp 
Gly Val Asp Trp Asp Asp Ala Gly Lys Glu Lys Ala He Phe Lys Phe Lys Gly Glu Gly Lys Ala Trp 
Asp Trp Glu Val Ser Ser Glu Lys Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 
His Gin Glu Val Lys Gin Glu Leu Lys Asp Trp Gly Glu Trp Tyr He Asn Met Thr Gly Val Asp Gly 
Phe Arg Met Asp Ala Val Lys His He Lys Tyr Gin Tyr Leu Gin Glu Trp He Asp His Leu Arg Trp 
Lys Thr Gly Lys Glu Leu Phe Thr Val Gly Glu Tyr Trp Asn Tyr Asp Val Asn Gin Leu His Asn 
Phe He Thr Lys Thr Ser Gly Ser Met Ser Leu Phe Asp Ala Pro Leu His Met Asn Phe Tyr Asn Ala 
Ser Lys Ser Gly Gly Asn Tyr Asp Met Arg Gin He Met Ash Gly Thr Leu Met Lys Asp Asn Pro Val 
Lys Ala Val Thr Leu Val Glu Asn His Asp Thr Gin Pro Leu Gin Ala Leu Glu Ser Thr Val Asp Trp 
Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Leu Arg Glu Glu Gly Tyr Pro Ser Val Phe Tyr Ala 
Asp Tyr Tjt Gly Ala Gin Tyr Ser Asp Lys Gly Tyr Asn He Asn Met Ala Lys Val Pro Tyr He Glu 
Glu Leu Val Thr Leu Arg Lys Glu Tyr Ala Tyr Gly Lys Gin Asn Ser Tyr Leu Asp His Trp Asp Val 
lie Gly Trp Thr Arg Glu Gly Asp Ala Glu His Pro Asn Ser Met Ala Val ne Met Ser Asp Gly Pro 1 
Gly Gly Lys Lys Trp Met Tyr Thr Gly Lys Pro Ser Thr Arg Tyr Val Asp Lys Leu Gly lie Arg Thr 
Glu Glu Val Trp Thr Asp Thr Asn Gly Trp Ala Glu Phe Pro Val Asn Gly Gly Ser Val Ser Val Trp 
Val Gly Val Lys 

SEQIDNO:171 

gtgtatgtaaactctttttacgatgcaaataaagatggacatggtgatttaaaaggtcttacacaaaagtt 
caaagaatgatctteaagtaaacgggamggatgatgccggteaaccctteteccagctate 

ccgcaglatggaaatctgcaagattttegcaaactgatgaaagaagca 

gagcagtgaacacccttggmcaagctgcattaaaagataaaaacagcaagtatt 

atgaaaaaggatcttggggacagcaagtatggcataaagccccaaacggagag^tttttacggaacg^tttgggaaggaatgccggacttaaa 
ttaegataatect ga a gtaafflam 

actctgfaaaatcagg^tgateaaggaategcgactgeagra 

tatmcttaiaccaacicatgaccaaaatcgcgtcatgagtgagctaagcgg^ 

cctggcaacccgtatatttattacggtgaagaaatcggcatgaccggtgaaaag 

aaacggacttggacaaaccagctgggaaacacctgtatacaacaaaggcggcaacggcgtgtctgtagaagcacaaacaaaacaaaaggac 
tcmgttaaatcattaccgtgaaatgattegcgtgcgtcagcagcacgaagagmg 

aagtcgttgcctatagccgcacgtataaaggcaaategattagcgtgtatcataatatttcaaatcaac 
gtaaattgatttttggtagtgaaaaaggtgctaagaaagteaaaaateagcttgtgattccggcga^ 

SEQIDNO:172 

Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His Gly Asp Leu Lys Gly Leu Thr Gin 
Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Asn Asp Leu Gin Val Asn Gly lie Trp 

Meft Meft Pro Val Asm Firo Seir Piro Seir Tyir His Lys Tyir Asp VaJ-Thir Asp Tyir Tyir Asm) Be Asp Pto 



WO 2004/091544 



PCT/US2004/007096 



FIGURE 1 6UUU 

Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala Asp Lys Arg Asp Yal Lys Val 
He Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Trp Phe Gin Ala Ala Leu Lys Asp Lys 
Asn Ser Lys Tyr Arg Asp Tyr Tyr He Tip Ala Asp Lys Asn Thr Asp Leu Asn Glu Lys Gly Ser Trp 
Gly Gin Gin Val Tip His Lys. Ala Pro Asn Gly Glu Tyr Phe Tyr Gly Thr Phe Tip Glu Gly Met Pro 
Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Glu Met He Asn Val Gly Lys Phe Tip Leu Lys 
Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly Gin Thr Pro Glu Gly Ala 
Lys Lys Asn Leu Leu Trp Trp Asn Glu Phe Arg Asp Ala Met Lys Lys Glu Asn Pro Asn Val Tyr 
Leu Tlir Gly Glu Val Trp Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser Leu Asp Ser Leu Phe 
Asn Phe Asp Leu Ala Gly Lys He Val Asn Ser Val Lys Ser Gly Asn Asp Gin Gly He Ala Thr Ala 
Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys lie Asp Gly lie Phe Leu Thr Asn 
His Asp Gin Asn Arg Val Met Ser Ghi Leu Ser Gly Asp Val Asn Lys Ala Lys Ser Ala Ala Ser He 
Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu lie Gly Met Thr Gly Glu Lys Pro 
Asp Glu Leu lie Arg Glu Pro Phe Arg Tip Tyr Glu Gly Asn Gly Leu Gly Gin Thr Ser Tip Glu Thr 
Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin Lys Asp Ser Leu Leu 
Asn His Tyr Arg Glu Met lie Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly Thr Leu Gin Ser 
He Ser Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Lys Ser He Ser Val Tyr His 
Asn lie Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu He Phe Gly Ser Glu Lys 
Gly Ala Lys Lys Val Lys Asn Gin Leu Val He Pro Ala Asn Hit Thr Val Leu He Lys 
• 

SEQIDNO:l73 

atgcaaacgattgcaaaaaakggggatgaaacgatg^^ 

acaggcgttcacgcagaaactgtacataaaggtaaagctccaacagca 

caaataaagatggacatggtgatttaaaaggfctgacaca 

cgggafflggatgatgccggtaaacccttctccta^ 

gamccgcaaactgatgaaagaagcagatmcgagacgta^ 

caagctgcactaaaagataaaaacagcaagtacagagattactatamgggctgataaaaataccgam 
gcaagtatggcataaagctccaaacggagagtatttttacggaac 

aagaaatgattaacgtcggaaagtmggctaaagcaagg^ 

aggcgctoagaaaaatotcctgtggtggaatgagttte 

cagccgg^gtagtagctccttattatcaatcgcttg&ttcrc 

caaggaatcgccactgcagcagcggcaacggatgagctgttcaaateato 

aaaccgcgtcatgagtgagctaagcggagatgtg^ 

gtgaagaaattggeatgaccggtgaaaagcctgatgaattaatccgtgaaccgttccgctggta 

gggaaacacctgtatataacaaaggcggcaatggtgtgtctgtagaagcacaaaccaaacaaaaggatto 

attcgcgtgcgtcagcagcacgaagagttagtaaaaggaacgcttcagtetat^ 

^ggt^ctecattagtgtgtatcataatafflc^ 
SEQIDNO:174 

Met Gin Thr ne Ala Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Trp Thr Ala Leu Ala Leu Thr 
Leu Pro Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Glu Thr Val His Lys Gly Lys Ala Pro Thr 
Ala Asp Lys Asn Gly Val Phe Tyr Glu Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His 
Gly Asp Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Asn 
Asp Leu Gin Val Asn Gly He Trp Met Met Pro Val Ash Pro Ser Pro Ser Tyr His Lys Tyr Asp Val 
Thr Asp Tyr Tyr Asn He Asp Pro Gin Tyr Gly Ser Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala 
Asp Lys Arg Asp Val Lys Val ne Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Trp Phe 
Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr He Tip Ala Asp Lys Asn Thr Asp 
Leu Asn Glu Lys Gly Ser Trp Gly Gin Gin Val Trp His Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly 
Thr Phe Trp Glu Gly Met Pro Asp Lea Asn Tyir Asp Asm Pro Glu Val Affg Lys Glu Met Kb Asia Vail 
Gly Lys Pte Tsjp Lew Lys Oh Gly Val Asp Gly Pte Aug Leu Asp Ala Ah Leu His He Pfe Lys Gly 
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Gin Thr Pro Glu Gly Ala Lys Lys Asn Leu Leu Tip Trp Asn GIu Phe Arg Asp Ala Met Lys Lys 
Glu Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Trp Asp Gin Pro GIu Val Val Ala Pro Tyr Tyr Gin 
Ser Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys He Val Ser Ser Val Lys Ala Gly Asn Asp 
Gin Gly He Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys He Asp 
Gly He Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser Glu Leu Ser Gly Asp Val Asn Lys Ala 
Lys Ser Ala Ala Ser lie Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu He Gly Met 
Thr Gly Glu Lys Pro Asp Glu Leu He Arg Glu Pro Phe Arg Trp Tyr GIu Gly Asn Gly He Gly Gin 
Thr Ser Trp Glu Thr Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin 
Lys Asp Ser Leu Leu Asn His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys 
Gly Thr Leu Gin Ser He Ser Val Asp SeT Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Asn 
Ser He Ser Val Tyr His Asn He Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu He 
Phe Ala Ser Glu Lys Gly Ala Lys Lys Gly Lys Asn Gin Leu Val ne Pro Ala Asn Ala Thr Val Leu 
He Lys 

SEQIDNO:175 

atgaaaaatataatacgacfflgtgctgccagcgctatcctcacggtgtc^ 
ataccgatgtaaccgccaatgcaaateaaattgccgcaaatggctt 

tgggcccgctatcaaccgcaagacttgcgtgtcattgattctccgctgggcaacaaacaagatttagtcgcgatgatcaatgcgctcaacagc^ 

tggggtcgacgtgtatgctgacgtggtgcttaaccata^ 

caacgactatcaatcccgcagtgcttactatcaaaggcaaa^ 

ggctgtattaccaattggaatgatcctggccacgtccag^ 

tcaatgggUgtgagtcagcagaagagttacngaacgcactcaaatcaatgggaatcaaagg 

aatatcaaatagacc^gtgtttaccccagacattarc^ 

atgaggcttttcttgccccttaccttaataataccga^ 

gttaaateagctacacaatccacaagcctatggccaagcg^caggac 

acggmccgctaccagatcatggatccaaccgatgaacagcte 

gatgacctacctgacagcgaagacaaagacagtggtegttgggc^ 

cgatgcaaggacaaagcatgactgtagtggctagcgatcaatgtarc 

tggcgagagtaagtcggtgactgtcptacttaccagcatgag 

gtgagttctcgttatcaecaatttgttttgccagcgcgcagtgcaaggatgtggaaactataa 

SEQIDNO:176 

Met Lys Asn He ne Arg Leu Cys Ala Ala Ser Ala He Leu Thr Val Ser His Ala Ser Tyr Ala Asp Ala 
He Leu His Ala Phe Asn Trp Gin Tyr Thr Asp Val Thr Ala Asn Ala Asn Gin He Ala Ala Asn Gly 
Phe Lys Lys Val Leu He Ser Pro Ala Met Lys Ser Ser Gly Ser Gin Trp Tip Ala Arg Tyr Gin Pro 
Gin Asp Lei* Arg Val He Asp Ser Pro Leu Gly Asn Lys Gin Asp Leu Val Ala Met He Asa Ala Leu 
AsnS<»V#^ Al^^^3^1^^^ 
• S&}/^?^^i$^^ Val ten j&ftffr -f^^^'Atg^tor' Ala tytTyt 01b Arg ; 

Gin Thr Leu Phe Gly Ash Leu Gin Glu Asn Leu Phe Ser Glu Asn Asp Phe His Pro Ala Gly Cys He 
Thr Asn Tip Asn Asp Pro Gly His Val Gin Tyr Tip Arg Leu Cys Gly Gly Gin Gly Asp Thr Gly 
Leu Pro Asp Leu Asp Pro Asn Gin Tip Val Val Ser Gin Gin Lys Ser Tyr Leu Asn Ala Leu Lys Ser 
Met Gly He Lys Gly Phe Arg ne Asp Ala Val Lys His Met Ser Gin Tyr Gin He Asp Gin Val Phe 
Thr Pro Asp ne Thr Ala Gly Met His He Phe Gly Glu Val He Thr Ser Gly Gly Gin Gly-Asp Ser Gly 
Tyr GIu Ala Phe Leu Ala Pro Tyr Leu Asn Asn Thr Asp His Ala Ala Tyr Asp Phe Pro Leu Phe Ala 
Ser He Arg Ala Ala Phe Ser Phe Ser Gly Gly Leu Asn Gin Leu His Asn Pro Gin Ala Tyr Gly Gin 
Ala Leu Gin Asp Ser Arg Ala ne Thr Phe Thr He Thr His Asp lie Pro Thr Asn Asp Gly Phe Arg 
Tyr Gin He Met Asp Pro Thr Asp Glu Gin Leu Ala tyr Ala Tyr ne Leu Gly Lys Asp Gly Gly Thr 
Pro Leu Val Tyr Ser Asp Asp Leu Pro Asp Ser Glu Asp Lys Asp Ser Gly Arg Trp Ala Asp Val Tip 
Gin Asp Pro Asn Met He Asn Met Leu AkPhe His Asa Ala Met Gin Gly Gto Ser Meft Thir VaE VaE 
Ah Ser Asp Glsn Cys Tk Leu Lena Phe Lys Aig Gly Lys GM GJy Val Val! Gty Me Am Lys Cys Gly 
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Glu Ser Lys Ser Val Thr Val Asp Thr Tyr Gin His Glu Phe Asn Tip Tyr Thr Pro Tyr Gin Asp Val 
Leu Ser Gly Asp He Thr Thr Val Ser Ser Arg Tyr His Gin Phe Val Leu Pro Ala Arg Ser Ala Arg 
Met Trp Lys Leu 

SEQ ID NO: 177 

atgaaaacancaaattaaaacgcacttttttaccgctgaccttgctgctcagtgctcctgccmgctgggcaaaatggcaccatgatgcagtaW 
cattggtacgtacctaatgatggcgcattatggacgcaggtt^ 

gcccgcatacaaaggcgcgggcggcagtaatgacgtcggttatggcg^ctatgatatgtacgatttaggtgagm 
cgaaccaaataeggcaccaaggctcagUcatctctgcaatcaatgccgcgca^ 
ccgaggtggcgctgatgggaagtcgtgggtcgataccaagcgcgtt^ 
cttgggttgagtttaattttcctggccgcaacgac 

aaagaaaaagcgatctttaaattcaaaggcgaaggaaaagcatgggattgggaagtcagcte^ 

gccgatttagacatggateacccagaagttaaacaagagctgaaagattggg#^ 

tggatgccgtgaagcacattaaaUteagtatctacaa 

ttggaattacgacgtoaatcaactgcacaactttattactaagacctctggcagtatgtcgttgttcgatgcg 

gtcaaaatctggcggcacttacgatotgcgccaaatcatgaatggcacgttgatgaagga^ 

cacgatacgcagccattgcaggcgmgagtcgacagtagattggtggttcaagcctcttgcttacgcattca 

catcggtgttctacgcagattactacggegcgcagtacagcgacaaaggttacaacattaatat^ 

cactgcgtaaagagUtgcgtatggcaaacagaattcttatctcgaecattgggatgtgattggctggacccgagagggcga 

a^ctcaatggcggtgatcatgagtgatggaccgggcggcacaaaatggat^ 

gtatccgaactgaagatgmggaccgatgccaatggctgggca 

SEQ ID NO: 178 

Met Lys Thr Phe Lys Leu Lys Arg Thr Phe Leu Pro Leu Thr Leu Leu Leu Ser Ala Pro Ala Phe Ala 
Gly Gin Asn Gly Thr Met Met Gin Tyr Phe His Tip Tyr Val Pro Asn Asp Gly Ala Leu Trp Thr Gin 
Val Ghi Ser Asn Ala Pro Val Leu Ala Glu Asn Gly Phe Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys * 
Gly Ala Gly Gly Ser Asn Asp Val Gly Tyr Gly Val Tyr Asp Met Tyr Asp Leu Gly Glu Phe Asp 
Gin Lys Gly Ser Val Arg Thr Lys Tyr Gly Thr Lys Ala Gin Tyr lie Ser Ala He Asn Ala Ala His 
Asn Asn Asn He Gin lie Tyr Gly Asp Val Val Phe Asn His Arg Gly Gly Ala Asp Gly Lys Ser Trp 
Val Asp Thr Lys Arg Val Asp Trp Asp Asn Arg Asn lie Glu Leu Gly Asp Lys Trp He Glu Ala Tip 
Val Glu Phe Asn Phe Pro Gly Arg Asn Asp Lys Tyr Ser Asn Phe His Tip Thr Trp Tyr His Phe Asp 
Gly Val Asp Trp Asp Asp Ala Gly Lys Glu Lys Ala He Phe Lys Phe Lys Gly Glu Gly Lys Ala Tip 
Asp Tip Glu Val Ser Ser Glu Lys Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 
His Pro Glu Val Lys Gin Glu Leu Lys Asp Trp Gly Glu Tip Tyr He Asn Met Thr Gly Val Asp Gly 
Phe Arg Met Asp Ala Val Lys His He Lys Tyr Gin Tyr Leu Gin Glu Trp He Asp His Leu Arg Trp 
Lys Thr Gly Lys Glu Leu Phe Thr Val Gly Glu Tyr Tip Asn Tyr Asp Val Aso Gist L^u His Asn 

Lys Ala Val Thr Leu Val Glu Asn Mis Asp thr Gin Pro Leu Gin Ala Leu Glu Ser Thr Val Asp Tip 
Trp Phe Lys Pro Leu Ala Tyr Ala Phe He Leu Leu Arg Glu Glu Gly Tyr Pro Ser Val Phe Tyr Ala 
Asp Tyr Tyr Gly Ala Gin Tyr Ser Asp Lys Gly Tyr Asn He Asn Met Ala Lys Val Pro Tyr IleGlu 
Glu Leu Val Thr Leu Arg Lys Glu Tyr Ala Tyr Gly Lys Gin Asn Ser Tyr Leu Asp His Trp Asp Val 
He Gly Trp Thr Arg Glu Gly Asp Ala Glu His Pro Asn Ser Met Ala Val He Met Ser Asp Gly Pro 
Gly Gly Thr Lys Trp Met Tyr Thr Gly Lys Pro Ser Thr Arg Tyr Val Asp Lys Leu Qly He Arg Thr 
Glu Asp Val Trp Thr Asp Ala Asn Gly Trp Ala Glu Phe Pro Val Asn Gly Gly Ser Val Ser Val Trp 
Val Gly Val Lys 

SEQ ID NO: 179 

atgaaaacateaaattaaaacgcactmttaccgc 

teaKggtacgtacctoatptggc^ 
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gccagcttacaaaggcgcgggcggcagtaatga^ 
gaaccaaatacggtaccaaggctcagtacatctctgcaatcaatgctg^^^ 

gtggtggcgctgatgggaagtcgtgggtcgataccaagcgcgttgattgggacaaccgtaacattgaactgggcgacaaatggattgaagctt 

gggttgagtttaatmcctagccgcaacgacaaatactcgaacttccatt^^ 

agaaaaagcgatctmaattcaaaggcgaaggaaaagcatgggattgggaagtcagctct^ 

cgatttagacatggatcacccagaagttaaacaagagct^ 

gatgccgttaagcacattaaatateagtatctacaagagtggattgatw 

gaattacgacgtaaatcaactgcataactttattactaagacctctggcagtatgtcgttgttcgatgcgccgcttc 

caaaatctggcggcaattacgatatgcgccaaatcatgaatggcacgttgatgaaggacaacccagtcaaagctgtgactcte 

cgatacgcagccattgcaggcgttagagtcgacagtggattggtggttcaagcctcttgcttacgcattcato 

tcggtgttctacgcagattactacggcgcgcagtacagcgacaaaggta^ 

ctgcgtaaagagtatgcgtatggcaaacagaattcttatctcgaw^ 

ctcaatggcggtgatcatgagtgatggaccgggcggaacaaaatggatgtataccggtaatccaagcac 

ccgaactgaagatgtttggaccgatgccaatggctgg^ 

SEQIDNO: 180 

Met Lys Thr Phe Lys Leu Lys Arg Thr Phe Leu Pro Leu Thr Leu Leu Leu Ser Ala Pro Ala Phe Ala 
Gly Gin Asn Gly Thr Met Met Gin Tyr Phe His Tip Tyr Val Pro Asn Asp Gly Ala Leu Trp Thr Gin 
Val Glu Ser Asn Ala Pro Ala Leu Ala Glu Asn Gly Phe Thr Ala Leu Tip Leu Pro Pro Ala Tyr Lys 
Gly Ala Gly Gly Ser Asn Asp Val Gly Tyr Gly Val Tyr Asp Met Tyr Asp Leu Gly Glu Phe Asp 
Gin Lys Gly Ser Val Arg Thr Lys Tyr Gly Thr Lys Ala Gin Tyr He Ser Ala He Asn Ala Ala His 
Asn Asn Asn He Gin lie Tyr Gly Asp Val Val Phe Asn His Arg Gly Gly Ala Asp Gly Lys Ser Trp 
Val Asp Thr Lys Arg Val Asp Trp Asp Asn Arg Asn He Glu Leu Gly Asp Lys Trp He Glu Ala Trp 
Val Glu Phe Asn Phe Pro Ser Arg Asn Asp Lys Tyr Ser Asn Phe His Trp Thr Trp Tyr His Phe Asp 
Gly Val Asp Trp Asp Asp Ala Gly Lys Glu Lys Ala He Phe Lys Phe Lys Gly Glu Gly Lys Ala Trp 
Asp Tip Glu Val Ser Ser Glu Lys Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 
His Pro Glu Val Lys Gin Glu Leu Lys Asp Trp Gly Glu Trp Tyr He Asn Met Thr Gly Val Asp Gly 
Phe Arg Met Asp Ala Val Lys His He Lys Tyr Gin Tyr Leu Gin Glu Tip ne Asp His Leu Arg Trp 
Lys Thr Gly Lys Glu Leu Phe Thr Val Gly Glu Tyr Trp Asn Tyr Asp Val Asn Gin Leu His Asn 
Phe He Thr Lys Thr Ser Gly Ser Met Ser Leu Phe Asp Ala Pro Leu His Met Asn Phe Tyr Asn Ala 
Ser Lys Ser Gly Gly Asn Tyr Asp Met Arg Gin He Met Asn Gly Thr Leu Met Lys Asp Asn Pro Val 
Lys Ala Val Thr Leu Val Glu Asn His Asp Thr Gin Pro Leu Gin Ala Leu Glu Ser Thr Val Asp Trp 
Trp Phe Lys Pro Leu Ala Tyr Ala Phe lie Leu Leu Arg Glu Glu Gly Tyr Pro Ser Val Phe Tyr Ala 
Asp Tyr Tyr Gly Ala Gin Tyr Ser Asp Lys Gly Tyr Asn ne Asn Met Ala Lys Val Pro Tyr He Glu 
Glu Leu Val Thr Leu Arg Lys Glu Tyr Ala Tyr Gly Lys Gin Asn Ser Tyr Leu Asp His Trp Asp Val 
He Gly Trp Thr Arg Glu Gly Asp Ala Glu His Pro Asn Ser Met Ala Val He Met Ser Asp Gly Pro 
Gly <py ; p)i |,ys Trp Mot l%r ©jy A^ ft^ 

Val Gly Val Lys 

SEQIDNO: 181 

ttgccagaggccttcggcctggccattacgccgtcacatagccggc 

cggtcxtccactggccggcgtteatcctcgtccggcgcte 

ccctgcgtgccgccgtattggcggcgatcctgctgccg 

cggcggcgacgaaatcatcctccagggcttccactggaacgtcgtccgc 

cgacgatcgccgcggacggcttctcggcaatctggatgccggtgccctgg^ 

cggcgaaggctacttctggcacgacttcaacaagaacggccgctacggcagcgacgcccagctgcgccaggccgccggcgcactcggt 
cgccggggtgaaggtgctctacgatgtggtgcccaatcaca^ 

ttctggcgcaacgactgcaccgacccgggcaactaccrc 

ccggccfctecgcsgatctecggcaftgi^cgcgacg^ 
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* 

gcggctatgcgcccgaacgggtcgacagctggatgagcgacagcgccgacagcagmctgcgttggcgagctgtggaaaagcccgtccga 

gtacccgagctgggactggcgcaacacggcgagctggcagcagatcatcaaggactggtccgaccgggccaagtgcccggtgttcgacttc 

gcgctcaaggagcgcatgcagaacggctcggtcgccgactggaagcatggcctcaatggcaacccggacccgcgctggcgcgaggtggc 

ggtgacctttgtcgacaaccacgacaccggctattcgcccgggcagaacggcggccagcaccactgggcgctgcaggacgggctgatc^g 

ccaggcctacgcctacatcctcaccagcccgggcacgccggtggtgtactggtcgcacatgtacgactggggctacggcgacttca 

gctgatccaggtgcggcgcaccgctggcgtgcgcgccgattcggcgatcagcttccacagcggctacagcggcctggtcgctaccgtcagc 

ggcagccatcagaccctggtggtggcgctcaactccgatctggccaaccccggccaggtcgccagcggcagcttcagcgaggcggtcaac 

gccagcaacggccaggtgcgcgtctggcgcagcggtagcggcgatggcggcggcaatgacggcggcgagggcggtctggtcaatgtgaa 

cttccgctgcgacaacggcgtgacgcagatgggcgacagcgtcto 

cgcggUcggctgaccgacaccagcagctatccgacctggaagggcagcatcgccctgcctgacggtcagaacgtggaatggaagtgcctg 

atccgtaacgaggcggacgcgacgctggtgcgccagtggcaatcgggcggcaacaaccaggtccaggccgctgccggcgcgagcacca 

gcggctcgttctga 

SEQIDNO:182 

Met Pro Glu Ala Phe Gly Leu Ala lie Thr Pro Ser His Ser Arg Arg Gly Arg Leu Val Gly Val Set 
Arg Gly Gly Ser Leu Pro Met Pio Val Leu His Tip Pro Ala Phe He Leu Val Arg Arg Phe Val Ala 
Gly His Pro Asn Lys His Lys Asn Arg Ser He Ala Met Ser His Thr Leu Arg Ala Ala Val Leu Ala 
Ala lie Leu Leu Pro Phe Pro Ala Leu Ala Asp Gin Ala Gly Lys Ser Pro Ala Gly Val Arg Tyr His 
Gly Gly Asp Glu He lie Leu Gin Gly Phe His Tip Asn Val Val Arg Glu Ala Pro Asn Asp Trp Tyr 
Asn He Leu Arg Gin Gin Ala Ser Thr lie Ala Ala Asp Gly Phe Ser Ala He Tip Met Pro Val Pro Tip 
Arg Asp Phe Ser Ser Trp Thr Asp Gly Gly Lys Ser Gly Gly Gly Glu Gly Tyr Phe Tip His Asp Phe 
Asn Lys Asn Gly Arg Tyr Gly Ser Asp Ala Gin Leu Arg Gin Ala Ala Gly Ala Leu Giy Gly Ala 
Gly Val Lys Val Leu Tyr Asp Val Val Pro Asn His Met Asn Arg Gly Tyr Pro Asp Lys Glu He Asn 
Leu Pro Ala Gly Gin Gly Phe Trp Arg Asn Asp Cys Thr Asp Pro Gly Asn Tyr Pro Asn Asp Cys 
Asp Asp Gly Asp Arg Phe He Gly Gly Lys Ser Asp Leu Asn Thr Gly His Pro Gin He Tyr Gly Met 
Phe Arg Asp Glu Leu Ala Asn Leu Arg Ser Gly Tyr Gly Ala Gly Gly Phe Arg Phe Asp Phe Val 
Arg Gly Tyr Ala Pro Glu Arg Val Asp Ser Trp Met Ser Asp Ser Ala Asp Ser Ser Phe Cys Val Gly 
Glu Leu Trp Lys Ser Pro Ser Glu Tyr Pro Ser Trp Asp Trp Arg Asn Thr Ala Ser Trp Gin Gin He He 
Lys Asp Tip Ser Asp Arg Ala Lys Cys Pro Val Phe Asp Phe Ala Leu Lys Glu Arg Met Gin Asn 
Gly Ser Val Ala Asp Trp Lys His Gly Leu Asn Gly Asn Pro Asp Pro Arg Trp Arg Glu Val Ala Val 
Thr Phe Val Asp Asn His Asp Thr Gly Tyr Ser Pro Gly Gin Asn Gly Gly Gin His His Trp Ala Leu 
Gin Asp Gly Leu He Arg Gin Ala Tyr Ala Tyr ne Leu Thr Ser Pro Gly Thr Pro Val Val Tyr Trp Ser 
His Met Tyr Asp Trp Gly Tyr Gly Asp Phe He Arg Gin Leu lie Gin Val Arg Arg Thr Ala Gly Val 
Arg Ala Asp Ser Ala He Ser Phe His Ser Gly Tyr Ser Gly Leu Val Ala Thr Val Ser Gly Ser His Gin 
Thr Leu Val Val Ala Leu Asn Ser Asp Leu Ala Asn Pro Gly Gin Val Ala Ser Gly Ser Phe Ser Glu 
Ala Val Asn Ala Ser Asn Gly Gto Val Arg Val Trp Arg Ser Gly Ser Gly Asp Gly Gly Gly Asn Asp 
•Q!y.C%^^^ 

thr •* 

Asp Thr Ser Ser Tyr Pro Thr Trp Lys Gly Ser He Ala Leu ho Asp Gly Gin Asn Val Glu Trp Lys 
Cys Leu lie Arg Asn Glu Ala Asp Ala Thr Leu Val Arg Glh Trp Gin Ser Gly Gly Asn Asn Gin Val 
Gin Ala Ala Ala Gly Ala Ser Thr Ser Gly Ser Phe 

• 

SEQIDN0:183 

atgcaaacgattgcaaaaaaaggggatgaaacgatgaaagggaaaaaatggacag 

acaggcgtteacgccgaaaccgtacataaaggtaagtctgaa^ 

caaatmgatggacatggtgatttaaaaggtetgacacaaaagtt 

cgggatttggatgatgccagtcaacccttctcctag 

attttcgcaagctgatgaaagaagcagacaaacgagacgtaaaagtcatt 

caagctgcattaaaagataaaaacagcaagtacagagattactat^ 

gcaag&tggcaftaaagc8sca^cggagag&^ 
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aagaaatgattaacgtcggaaagtmggctaaag^ 
aggcgcuagaaaaatatcctgtggtggaatgagma{pgatgcgatgaaaaaagaa 

cagcctgaagtggtagctccnactatcaatcgcngattctttatttaatmgatttagcaggaaaaangtcagctc 

aaggaatcgccactgcagcagcggcaAcagatgaactgttcaaatcatacaatccaaataaaattgacggcattttcttaaccaaccatgac^ 
aatcgcgtcatgagtgagctgagcggcgatgtgaacaaagcaaaatcagctgc^ 

gtgaagaaattggcatgaccggtgaaaagcctgatgagttaata 
gggaaacacctgtatataacaaaggcggcaacggcgtgtctgtagaagta^ 

attcgcgtgcgtcagcagcatgaaga^agtaaaaggaacgcttcaatctamcagtagacagtaaagaagtggttgcctatagtcgcacgtat 

aaaggcaactcgattagcgtgtatcataatatttcaaatcaacctgtaaaagtatctgtagcagcgaaaggtaaaUga 

tgc taaaaaagtcaaaaatcagcttgtaattcc ggc taatacaacggttttaataaaataa 

SEQ ED NO: 184 

Met Gin Thr He Ala Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Tip Thr Ala Leu Ala Leu Thr 
Leu Pro Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Glu Thr Vai His Lys Gly Lys Ser Glu Ala 
Thr Asp Lys Asn Gly Val Phe Tyr Glu Val Tyr Val Asn Ser Phe Tyr Asp Thr Asn Lys Asp Gly His 
Gly Asp Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Ash 
Asp Leu Gin Val Asn Gly He Trp Met Met Pro Val Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val 
Thr Asp Tyr Tyr Asn He Asp Pro Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala 
Asp Lys Arg Asp Val Lys Val lie Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Tip Phe 
Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr lie Trp Ala Asp Lys Asn Thr Asp 
Leu Asn Glu Lys Gly Ser Trp Gly Gin Gin Val Tip His Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly 
Thr Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Ghi Met lie Asn Val 
Gly Lys Phe Trp Leu Lys Gin Gly Val Asn Gly Phe Arg Leu Asp Ala Ala Leu His lie Phe Lys Gly 
Gin Thr Pro Glu Gly Ala Lys Lys Asn He Leu Trp Trp Asn Glu Phe Arg Asp Ala Met Lys Lys Glu 
Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Trp Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser 
Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys He Val Ser Ser Val Lys Ala Gly Asn Asp Gin 
Gly lie Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys lie Asp Gly 
He Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser Glu Leu Ser Gly Asp Val Asn Lys Ala Lys 
Ser Ala Ala Ser He Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu He Gly Met Thr 
Gly Glu Lys Pro Asp Glu Leu He Arg Glu Pro Phe Arg Tip Tyr Glu Gly Asn Gly Leu Gly Gin Thr 
Ser Trp Glu Thr Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Val Gin Thr Lys Gin Lys 
Asp Ser Leu Leu Asn His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly 
Thr Leu Gin Ser He Ser Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Asn Ser He 
Ser Val Tyr His Asn He Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu lie Phe Ala 
Ser Glu Lys Gly Ala Lys Lys Val Lys Asn Gin Leu Val He Pro Ala Asn Thr TTir Val Leu He Lys 



ataaaggtaaagctccaacagcajptaaaaac^ 

aaaggtcttacacaaaagctggactatttaaatgacggaaattctcatacaaag 

ccttctccUgctatcataaatatgatgtaacggattamtaacangatccgcagU 

agacaaacgagacgtaaaagtcattatggaccttgttgtgaatca^ 

gcaagtacagagattactatamgggctgataaaaa^ 

ggagagtatttttacggaacgtfflgggaaggaatgcctgacttaa^ 

ggctaaagcaaggcgttgatggcttecgcttagatgctgc 

ggaatgagtttagagatgcgatgaaaaaagaaaaccctaacgtatatctaacgffi 

caatcgcttgattccctatttaacmgatttagcagggaa 

caacggatgagctgttcaaatcatacaatecaaataaaattgac 

gcgatgtgaacaaagcaaaatcagctgcttctatcttac^ 

aaagcctig&tg&gttaatccg^gaaccgtta:^ 



WO 2004/091544 



PCT/US2004/007096 



FIGURE 
16AAAA 

cggcaacggcgtgtctgtagaagcacaaaccaaacaaaaggattcmgtUaatcattaccgtgaaatgattcgcgtgcgtcagca 
agtUgtaaaaggaacgcttcaatctafflUgtagacagtaaagaagtt 

aaumcaaatcaaccggtaaaagtatctgtagcagcaaaaggtaaattaatttttgctagtgaaaaaggtgcu 
tgattccggctaatacaacggttttaataaaataa 

SEQ ID NO: 186 

Met Lys Leu Met Lys Gly Lys Lys Tip Thr Ala Leu Ala Leu Thr Leu Pro Leu Ala Ala Ser Leu Ser 
Thr Gly Val His Ala Glu Thr Val His Lys Gly Lys Ala Pro Thr Ala Asp Lys Asn Gly Val Phe Tyr 
Glu Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His Gly Asp Leu Lys Gly Leu Thr 
Gin Lys Leu Asp Tyr Leu Asn Asp Gly Ash Ser His Thr Lys Asn Asp Leu Gin Val Asn Gly He Trp 
Met Met Pro Val Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val Thr A$p Tyr Tyr Asn lie Asp Pro 
Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala Asp Lys Arg Asp Val Lys Val 
lie Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Tip Phe Gin Ala Ala Leu Lys Asp Lys 
Asn Ser Lys Tyr Arg Asp Tyr Tyr He Trp Ala Asp Lys Asn Thr Asp Leu Asn Glu Lys Gly Ser Trp 
Gly Gin Gin Val Trp His Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly Thr Phe Tip Glu Gly Met Pro 
Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Glu Met He Asn Val Gly Lys Phe Trp Leu Lys 
Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly Gin Thr Pro Glu Gly Ala 
Lys Lys Asn He Leu Trp Trp Asn Glu Phe Arg Asp Ala Met Lys Lys Glu Asn Pro Asn Val Tyr Leu 
Thr Gly Glu Val Tip Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser Leu Asp Ser Leu Phe Asn 
Phe Asp Leu Ala Gly Lys He Val Ser Ser Val Lys Ala Gly Asn Asp Gin Gly ne Ala Thr Ala Ala 
Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys He Asp Gly He Phe Leu Thr Asn His 
Asp Gin Asn Arg Val Met Ser Glu Leu He Gly Asp Val Asn Lys Ala Lys Ser Ala Ala Ser He Leu 
Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu He Gly Met Thr Gly Glu Lys Pro Asp 
Glu Leu ne Arg Glu Pro Phe Arg Trp Tyr Glu Gly Asn Gly Leu Gly Gin Thr Ser Trp Glu Thr Pro 
Val Tyr Asn Lys Gly Gly Asn Gly-Val Ser Val Glu Ala Gin Hir Lys Gin Lys Asp Ser Leu Leu Asn 
His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly Thr Leu Gin Ser He 
Leu Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Asp Asn Ser He Ser Val Tyr His 
Asn He Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu He Phe Ala Ser Glu Lys 
Gly Ala Lys Lys Val Lys Asn Gin Leu Val He Pro Ala Asn Thr Thr Val Leu He Lys 

SEQ ID NO: 187 

ttgtatctcatccaggaggggcacatgcgttttccgrc 
agctgcggcataggggagmgccgacttgccggttcttgcc 
accggcacagaaagttetecatacagcgcgcttto 
gaaaagcagattacagatctgaaaagccggtttgaggacttgcc 

agtgmgataaaaacaaggc^ 

gaw0gfH^<^^ 

ctgg##ctatic^ 

gccggaagtccccctgacggtgaaaacccccagggacaa 

ctggtggaaaaaacgtctgaagcacagcgcacgg^ttaccatgcctaccgcattgaccaUttcttgg 

ggcgaatactacggctacctgggatggcccttgccgcatgaa 

gcgctggcttaccgaaccccacttgcctacacgggcagrc 

tcatgaaccgtateggtgaagaagaactatggctgttcaagc^ 

tgaaagaggttctggtacggcagtggaaaaaccggctgctgca 

cgmccgtgacagcactgcatggcagacgcttaccgatggcg^ 

aaccctgtggcgagaacaggcggtggaa 

cacagtgtaccggaagtgcmcaaaccttteaam 

cagactggaggagtatccgcteatgtcggtagcgac 

ccgggccftfetggacgcaftggcct^ ■ 



/ 
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FIGURE 

Figure 16 (cent.) 1 6BBBB 

ggcatcctgggtactccgtaaactctgcgaagcccgttc^ 

gacagcggacgaggaacgcatcaatattccgggcagtgtatccggatttaactggacataccggttgcctgcggcaatcgaggatmtctaaa 
aacagccaacttataaccgcaatccagaccgcgttgcaggaccgccgggcgaggaaggcacaaggagcacagcaatga 

SEQ ID NO: 188 

Met Tyr Leu He Gin Glu Gly His Met Arg Phe Pro Pro He He His Pro Leu Thr Gly Leu Ala Val Pro 
Val Gly Ala Leu Arg Thr Ala Gin Ser Cys Gly He Gly Glu Phe Ala Asp Leu Pro Val Leu Ala Glu 
Phe Cys Lys Lys Ala Gly Phe Asp Leu Val Gin Leu Leu Pro Val Asn Asp Thr Gly Thr Glu Ser Ser 
Pro Tyr Ser Ala Leu Ser Ala Phe Ala Leu His Pro Leu Tyr He Arg Leu Ser Asp Leu Pro Glu Ala 
Ala Gly Phe Glu Lys Gin He Thr Asp Leu Lys Ser Arg Phe Glu Asp Leu Pro Arg Phe Ser Tyr Thr 
Glu Leu Arg Arg Ala Lys Leu Asp He Leu Arg Ala Val Phe Asp Lys Asn Lys Ala Thr He He Gly 
Ser Ala Glu Leu Glu Ala f rp He Ser Asp Asn Pro Ttp He He Glu Tyr Ala Val Phe Met Asn Gin 
Lys His Arg Asn Phe Glu Ala Gly Trp Lys His Trp Glu Lys Leu Arg Asn Pro Thr His Asn Glu lie 
Gin Lys Thr Trp Gin Gly Lys Thr Trp Gin Ala Asp His Gin Phe Phe Ala Trp Leii Gin Met Arg Leu 
Asp Gin Gin Phe Thr Ala Ala Ala Thr Glu Cys Asn Ala Leu Gly Val Tyr Leu Lys Gly Asp He Pro 
He Met Met Asn Glu Asp Ser Ala Asp Alia Trp Ala Asn Pro Glu Phe Phe Arg Asp Asp Leu Arg 
Ala Gly Ser Pro Pro Asp Gly Glu Asn Pro Gin Gly Gin Asn Trp Gly Phe Pro lie Tyr Asn Trp Glu 
Asn Leu Ala Asn Asp Gly Tyr Ser Trp Trp Lys Lys Arg Leu Lys His Ser Ala Arg Tyr Tyr His Ala 
Tyr Arg He Asp His He Leu Gly Phe Phe Arg He Trp Ala lie Pro Tyr Gly Glu Tyr Ser Gly Tyr Leu 
Gly Trp Pro Leu Pro His Glu Pro Val Ser Ala Ala Glu Leu Ala Glu Arg Gly Phe Ser Lys Asp Arg. 
Leu Arg Trp Leu TJir Glu Pro His Leu Pro Thr Arg Ala Ala Glu Glu Ala Asn Asn Trp Asp Tyr Leu 
Gly Thr His Gly Tyr Leu Asn Gin He Met Asn Arg He Gly Glu Glu Glu Leu Trp Leu Phe Lys Pro 
Glu He Thr Cys Glu Ala Asp He Arg Asn Thr Asn Leu Pro Asp Ala Leu Lys Glu Val Leu Val Arg 
Gin Tip Lys Asn Arg Leu Leu Gin Val Thr Gly Arg Asp Glu Lys Gly Arg Thr He Tyr Tyr Pro Leu 
Trp Arg Phe Arg Asp Ser Thr Ala Trp Gin Thr Leu Thr Asp Gly Glu Lys His Ser Leu Glu Glu Leu 
Phe Ala Gin Lys Ala Ala His Asn Glu Thr Leu Trp Arg Glu Gin Ala Val Glu Leu Leu Gly Glu Leu 
Thr Arg Ser Thr Asp Met Leu Ala Cys Ala Glu Asp Leu Gly Ser He Pro His Ser Val Pro Glu Val 
Leu Ser Asn Leu Ser He Tyr Ser Leu Arg Val Thr Arg Trp Ala Arg Gin Trp Asp Ala Pro Gly Gin 
Pro Phe His Arg Leu Glu Glu Tyr Pro Leu Met Ser Val Ala Thr Pro Ser Val His Asp Ser Ser Thr 
Leu Arg Gly Trp Trp Glu Thr Glu Gly Gly Asp Arg Ala Phe Met Asp Ala Trp Pro Pro Glu Gin 
Asp Ala Tyr Ala Gly Ala Gly Arg His Glu Phe Glu Gly Ala Trp Gly Pro Arg Gin Ala Ser Trp Val 
Leu Arg Lys Leu Cys Glu Ala Arg Ser Ala Leu Cys Val Phe Pro He Gin Asp He Leu Ala Leu Ser 
Ser Asp Phe Tyr Ala Met Thr Alia Asp Glu Glu Arg He Asn He Pro Gly Ser Val Ser Gly Phe Asn 
Trp Thr Tyr Arg Leu Pro Ala Ala He Glu Asp Leu Ser Lys Asn Ser Gin Leu ne Thr Ala He Gin Thr 
Ala Leu Gin Asp Arg Arg Ala Arg Lys Ala Gin Gly Ala Gin Gin 

+ 

atgcW 

acaggcgttcWgccgaaaccg^ 
caaataaagatggacatggtgatttaaaaggtettacacaaaaact^ 

cgggamggatgatgccgatcaacccttctcctagctatcataaatatgatgtaacggactattataacattgatto 

atmcgcaagctaatgaaagaagcagataaacgagatgtaaaagta 

agctgcgttaaaagataaaaacagcaagtacagagattactat^ 

aagtatggcacaaagctecaaacggagagtatttta 

gaaatgattaacgtcggaaagtttggctaaagcaaggcgttgacgg 

ggcgctaagaaaaatattgtgtggtggaatgaatttagagatgcgatgaaaaaagaaaacccgaacgta 

agccggaagtggtagctccttattateagtcgcttg^ 
aaggaatcgctactgcagcagcggcaaeagatgaactgtteaaatcatacaatccaaate 

atcgcgtcatgagtgagttaagcggagatgtcaataaagca 

gaagaaatcggcaftgaccggtgeaaagccftgatg^tt^ 
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FIGURE 
16CCCC 

gaaacacctgtatacaataaaggcggcaacggcgtgtrt 
tcgcgtgcgtcagcagcacgaagagttagtaaaaggaacgcttcaatcte^ 

aggcaactccattagtgtgtatcataatamcaaatcaacctguaaagtatctgtagcagcgaaaggtaaattgattmgcta 
ctaaaaaggtcaaaaatcagcttgtgattccggcgaatacaacggttttagtaaaataa 

SEQIDNO:190 

Met Gin Thr He Ala Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Trp Thr Ala Leu Ala Leu Thr 
Leu Pro Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Glu Thr Val His Lys Gly Lys Ser Pro Ala 
Ala Asp Lys Asn Gly Val Phe Tyr Glu Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His 
Gly Asp Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Asn 
Asp Leu Gin Val Asn Gly He Trp Met Met Pro He Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val 
Thr Asp Tyr Tyr Asn He Asp Ser Gin Tyr Gly Asn Leu Gin Asp Hie Arg Lys Leu Met Lys Glu Ala 
Asp Lys Arg Asp Val Lys Val He Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Trp Phe 
Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr lie Trp Ala Asp Lys Asn Thr Asp 
Leu Asn Glu Lys Gly Ser Trp Gly Gin Gin Val Trp His Lys Ala Pro Asn Gly Ghi Tyr Phe Tyr Gly 
Thr Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Glu Met lie Asn Val 
Gly Lys Phe Trp Leu Lys Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly 
Gin Thr Pro Glu Gly Ala Lys Lys Asn He Val Trp Tip Asn Glu Phe Arg Asp Ala Met Lys Lys Glu 
Asn Pro Asn Val Tyr Leu Thr Gly Glu Val Tip Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser 
Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys He Val Ser Ser Val Lys Ala Gly Asn Asp Gin 
Gly lie Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys He Asp Gly 
lie Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser Ghi Leu Ser Gly Asp Val Asn Lys Ala Lys 
Ser Ala Ala Ser He Leu Leu Thr Leu Pro Gly Asn Pro Tyr He Tyr Tyr Gly Glu Glu lie Gly Met Thr 
Gly Glu Lys Pro Asp Glu Leu He Arg Glu Pro Phe Arg Trp Tyr Glu Gly Asn Gly Leu Gly Gin Thr 
Ser Tip Glu Thr Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin Lys 
Asp Ser Leu Leu Asn His Tyr Arg Glu Met lie Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly 
Thr Leu Gin Ser He Ser Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Asn Ser He 
Ser Val Tyr His Asn ne Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu ne Phe Ala 
Ser Glu Lys Gly Ala Lys Lys Val Lys Asn Gin Leu Val He Pro Ala Asn Thr Thr Val Leu Val Lys 

SEQIDNO:191 

atgcaaacgattgcaaaaaaaggggatgaaacgatgaaagggaaaaaatggacagctttagctctaacactgccgctggctgc 

acaggcgttcacgccgaaaccgtacataaaggtaaatetccaacagcag^ 

caaataaagatggacatggtgacttaaaaggtcttacacaaaa 

cgggamggatgatgccagtcaacccttctcctagctatcate^ 
gatmcgcaagptg^tgaaag^gcagacaaaeg^ 

caagtf^ 




acadgtetggtot^ 
aagaaatgattaacgttggaaagtmggctaaagj^ggc^ 
aggcgctaagaaaaatatcctgtggtggaatgagtttag 
cagcctgaagtggtagctccttattatcaatcgcttgattc 
aaggaatcgccactgcagcagcagcaacagatgaactgttcaaatcato 
aategcgteatgagtgagctgagcggcgatgtgagcaaagcaaaateag 
gtgaagaaatcggcatgaccggtgaaaagcctgatgaattaatccgtgaaccgttccgctggtacgaagg 
gggaaacacctgtatacaataaaggcggaaacggtgtgtrt 
attegcgtgcgtcagcagcatgaagagttagtaaaaggaacgcte 
aaggcaactccattagtgtgtatcataatatttcaaatcaaccfi 
gctaagaaagtcaaaaatcagcttgtggttccggcgaatacaacggttttaatgaaataa 



SEQ ID NO: 192 
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FIGURE 
16DDDD 

Met Gin Thr lie Ala Lys Lys Gly Asp Glu Thr Met Lys Gly Lys Lys Trp Thr Ala leu Ala Leu Thr 
Leu Pro Leu Ala Ala Ser Leu Ser Thr Gly Val His Ala Glu Thr Val His Lys Gly Lys Ser Pro Thr 
Ala Asp Lys Asn Gly Val Phe Tyr Glu Val Tyr Val Asn Ser Phe Tyr Asp Ala Asn Lys Asp Gly His 
Gly Asp Leu Lys Gly Leu Thr Gin Lys Leu Asp Tyr Leu Asn Asp Gly Asn Ser His Thr Lys Asn 
Asp Leu Gin Val Asn Gly He Tip Met Met Pro Val Asn Pro Ser Pro Ser Tyr His Lys Tyr Asp Val 
Thr Asp Tyr Tyr Asn He Asp Pro Gin Tyr Gly Asn Leu Gin Asp Phe Arg Lys Leu Met Lys Glu Ala 
Asp Lys Arg Asp Val Lys Val He Met Asp Leu Val Val Asn His Thr Ser Ser Glu His Pro Tip Phe 
Gin Ala Ala Leu Lys Asp Lys Asn Ser Lys Tyr Arg Asp Tyr Tyr He Tip Ala Asp Lys Asn TTir Asp 
Leu Asn Glu Lys Gly Ser Tip Gly Gin Gin Val Trp His Lys Ala Pro Asn Gly Glu Tyr Phe Tyr Gly 
Thr Phe Trp Glu Gly Met Pro Asp Leu Asn Tyr Asp Asn Pro Glu Val Arg Lys Glu Met He Asn Val 
Gly Lys Phe Trp Leu Lys Gin Gly Val Asp Gly Phe Arg Leu Asp Ala Ala Leu His He Phe Lys Gly 
Gin Thr Ala Glu Gly Ala Lys Lys Asn He Leu Trp Trp Asn Glu Phe Arg Asp Ala Met Lys Lys Glu 
Asn Pro Asn Val Tyr Leu Thr Gly Ghi Val Tip Asp Gin Pro Glu Val Val Ala Pro Tyr Tyr Gin Ser 
Leu Asp Ser Leu Phe Asn Phe Asp Leu Ala Gly Lys He Val Ser Ser Val Lys Ala Gly Asn Asp Gin 
Gly He Ala Thr Ala Ala Ala Ala Thr Asp Glu Leu Phe Lys Ser Tyr Asn Pro Asn Lys lie Asp Gly 
He Phe Leu Thr Asn His Asp Gin Asn Arg Val Met Ser Ghi Leu Ser Gly A$p Val Ser Lys Ala Lys 
Ser Ala Ala Ser He Leu Leu Thr Leu Pro Gly Asn Pro Tyr ne Tyr Tyr Gly Glu Glu He Gly Met Thr 
Gly Glu Lys Pro Asp Glu Leu He Arg Glu Pro Phe Arg Trp Tyr Glu Gly Asn Gly Leu Gly Gin Thr 
Ser Trp Glu Thr Pro Val Tyr Asn Lys Gly Gly Asn Gly Val Ser Val Glu Ala Gin Thr Lys Gin Lys 
Asp Ser Leu Leu Asn His Tyr Arg Glu Met He Arg Val Arg Gin Gin His Glu Glu Leu Val Lys Gly 
Thr Leu Gin Ser ne Ser Val Asp Ser Lys Glu Val Val Ala Tyr Ser Arg Thr Tyr Lys Gly Asn Ser He 
Ser Val Tyr His Asn lie Ser Asn Gin Pro Val Lys Val Ser Val Ala Ala Lys Gly Lys Leu He Phe Ala 
Ser Glu Lys Gly Ala Lys Lys Val Lys Asn Gin Leu Val Val Pro Ala Asn Thr Thr Val Leu Met Lys 

SEQlDNO:193 

atgaaancaaaaagagtttatctgccgggctcctmgttcggaggtctgagcggtgtgacaccatcc 
afflgtccatttattegaatggagjtggccggatattgccaccga 

cgcaaaaaagcgtcagcaatgctgcctggtgggcgcgctaccaacctgttagttactcttttgaagggcgcagtggaacccgggc 

ggatatggtccagcgttgtaaagcggtgggggtcgatatttatctggatgcggtgatcaaccata 

accttacagcagtaatgatttteacagttgcacgggcgat 

ctcaaaaccga#cagaatocgttcggcagaaaatt^ 

ccaagcatatoccggccggcgacatcgcggcgateaagagcaagcte 

ggagccggtacaaaccagcgagtacacgtatattggagacgtgacggaatttaacttcg 

attaaagacctgcaggggattggttcgtggagcggrt 

taaccctggccaggttctcagccateaggacmggcaato 

tgtcggggtac^ctteag^att^ 

cgaaciica^^ 

acaatea&tg&^ 

gccc^t&cgag^rtgtgacatcattgcc 

gtatgcacattttactgtcggtagtcatcaggccgctgcgattcacattggcgcgaaactcggcte 

gcagagacaaaagtetgcmgacaatgcacaaaactttagccaacc 

aacctggccgggcgtcgcgatgacggctgaaaatggcggttactgc^ 

cggcgccagccaaaccgctgatctgaccgccag 

gcaatgtgggcaacgagagttggtatttccgtggaacc^ 

ctacggtgcagagctttaacggggaggagtcgcccgcacgctttara^ 

gtcggtpttatgccacxtacacgatcacgmgacagccagacgaaggccatcaccg^gacttcgcagtaa . 
SEQIDN0:194 

Met Lys Phe Lys Lys Ser Uu Ser Ala Gly Leu Leu Leu Phe Gly Gly Leu Ser Gly Val Thr Pro Ser 

Val Als Ala Gto Val Pro Arg Tk Ala Phe Val His Leu Phe Oka Tup Sea* Tirp Pto Asp He Ak Tto 
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FIGURE 1 6EEEE 

Glu Cys Glu Thr Phe Leu G\y Pro Lys Gly Phe Ser Ala Val Gin Val Ser Pro Pro Gin Lys Ser Val 
Ser Asn Ala Ala Trp Trp Ala Arg Tyr Gin Pro Val Ser Tyr Ser Phe Glu Gly Arg Ser Gly Thr Arg 
Ala Gin Phe Ala Asp Met Val Gin Arg Cys Lys Ala Val Gly Val Asp He Tyr Leu Asp Ala Val He 
Asn His Met Ala Ala Gin Asp Arg Tyr Phe Pro Glu Val Pro Tyr Ser Ser Asn Asp Phe His Ser Cys 
Thr Gly Asp lie Asp Tyr Ser Asn Arg Trp Ser lie Gin Asn Cys Asp Leu Val Gly Leu Asn Asp Leu 
Lys Thr Glu Ser Glu Tyr Val Arg Gin Lys lie Ala Asp Tyr Met Asn Asp Ala Leu Ser Leu Gly Val 
Ala Gly Phe Arg lie Asp Ala Ala Lys His He Pro Ala Gly Asp He Ala Ala He Lys Ser Lys Leu Asn 
Gly Ser Pro Tyr He Tyr Gin Glu Val He Gly Ala Ala Gly Glu Pro Val Gin Thr Ser Glu Tyr Thr Tyr 
He Gly Asp Val Thr Glu Phe Asn Phe Ala Arg Thr He Gly Pro Lys Phe Lys Gin Gly Asn He Lys 
Asp Leu Gin Gly He Gly Ser Trp Ser Gly Trp Leu Ser Ser Asp Asp Ala Val Thr Phe Val Thr Asn 
His Asp Glu Glu Arg His Asn Pro Gly Gin Val Leu Ser His Gin Asp Phe Gly Asn LeU Tyr Phe Leu 
Gly Asn Val Phe Thr Leu Ala Tyr Pro Tyr Gly Tyr Pro Lys Val Met Ser Gly Tyr Tyr Phe Ser Asn 
Phe Asp Ala Gly Pro Pro Ser Thr Gly Val His Ser Gly Asn Ala Cys Gly Phe Asp Gly Gly Asp Trp 
Val Cys Glu His Lys Trp Arg Gly Val Ala Asn Met Val Ala Phe Arg Asn His Thr Ala Ala Gin Ttp 
Gin Val Thr Asp Trp Trp Asp Asp Gly Tyr Asn Gin Val Ala Phe Gly Arg Gly Gly Leu Gly Phe 
Val Val lie Asn Arg Asp Asp Asn Lys Gly He Asn Gin Ser Phe Gin Thr Gly Met Pro Ala Gly Glu 
Tyr Cys Asp He He Ala Gly Asp Phe Asp Thr Gin Ser Gly His Cys Ser Ala Thr Thr He thr Val 
Asp Ser Gin Gly Tyr Ala His Phe Thr Val Gly Ser His Gin Ala Ala Ala He His He Gly Ala Lys Leu 
Gly Ser Val Cys Gin Asp Cys Gly Gly Thr Ala Ala Glu Thr Lys Val Cys Phe Asp Asn Ala Gin 
Asn Phe Ser Gin Pro Tyr Leu His Tyr Trp Asn Val Asn Ala Asp Gin Ala Val Ala Asn Ala Thr Tip 
Pro Gly Val Ala Met Thr Ala Glu Asn Gly Gly Tyr Cys Tyr Asp Phe Gly Val Gly Leu Asn Ser Leu 
Gin Val He Phe Ser Asp Asn Gly Ala Ser Gin Thr Ala Asp Leu Thr Ala Ser Ser Pro Thr Leu Cys 
Tyr Gin Asn Gly Thr Trp Arg Asp Ser Asp Phe Cys Gin Ser Ser Asn Val Gly Asn Glu Ser Trp Tyr 
Phe Arg Gly Thr Ser Asn Gly Trp Gly Val Ser Ala Leu Thr Tyr Glu Ala Ala Thr Gly Leu Tyr Thr 
Thr Val Gin Ser Phe Asn Gly Glu Glu Ser Pro Ala Arg Phe Lys He Asp Asp Gly Asn Trp Ser Glu 
Ser Tyr Pro Ser Ala Asp Tyr Gin Val Gly Asp Tyr Ala Thr Tyr Thr He Thr Phe Asp Ser Gin Thr 
Lys Ala lie Thr Val Thr Ser Gin 

SEQIDNO:195 

atgctgacagaccgtttcmgatggcgatacateaaacaacgacw 

gcggcgattttaaaggaatcacgcaaaaattggattatctcgataagctaggcgtgaacacaatctggato 

catgatgtccgttatgacaactetgaagggcattcatacta^ 

acaatggaagatttecatacactgattgacgctgcccatg^ 

aaagautcaacggagaagtttccaatcctccagccggttacccaactgacgcagaacgcagcacatatag^ 

aatgfcggctctgatgaggttgttggcgaattagctg^ 

aaacagact^tcacgaaagctactacagc 

gg^ggcat*^ 

a&ftjgaa^ 

gccctgactgcccgcaacgg^attgacra 

aatgacaaaggcaagcttaaggttgctgcttecc^caagcaacateaaaaggccagccggtcatcto 

gagcaaacaactatccgcaatacgataaccgttatgacctggcatgggacaaa 

gaactteagaagcgcteatteagaagtgttcgctaaaggtgaacgcgc 

aatggaaacgaagctgcttacgtcggcttgaacgttgctgacacagcaaaaga 

actatgcagataaaacttatactgcttcagaagctggag 

aaggcggagaaatcacagctgctaaagcggcaagcgaaggcgacggcacagttgagccagtccctgcgaaccacate^ 

ccgtacagacaacaactatgaaaactacggtgeatggctgtggaacgatgtagcctccccttctgccaactggc^ 

aaaaaacagacagctacggtgcatacatcgacgtaccacttaaagagggcgctaagaa 

fccagggtaaagacggcggcgacaaaggtmacgatcteateacctg 
acgagccagttgatettecggcgaacactgtccgcgfc^ 

tgttaacagcaccfctccgaacactggcc^ 
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ggcgcaaagaacanggaatgattgctcttaacactgcaaatggagagaaagacggcggagataaatccttcaaccttctgga 
camg(pttaaacaaggtgatgacaatgtctacgtttctctt 

cgartctottaggcttcacaatgactgacggcttaacacctg^ 

gaaagtgctgaaatcacaagcgcaacctctgtaaaagtaaaagcaacancgatttagaaaagcttccattatccatc 
agmcagcttcaactggctggagaatgcttgatgaaatgtacgcttatgatggaaacgaccttggtgcgacttacaaggacggagcagc 

cttaaattatgggctccgaaagcgagcaaggtaaccgctaacttcmgataaaaataatgccgctgaaaaaatcggcagcgtcgagttaacgaa 

gggtgaaaaaggagtctggtcagctatggttgctcctggcgacctgaacgtaaccgatcttgaaggttatttttaccagtatg^ 

cggUtaactcgccaggJgttagatccttatgcaaaatcaa^ 

ttggcaaggcggcaattcaaaaagcttctcgagagtacttctag 

SEQ ID NO: 196 

Met Leu Thr Asp Arg Phe Phe Asp Gly Asp Thr Ser Asn Asn Asp Pro Tyr Asn Gin Asn Tyr Asp 
Ala Lys Asn Asp Arg Gly Thr Tyr Gin Gly Gly Asp Phe Lys Gly He Thr Gin Lys Leu Asp Tyr Leu 
Asp Lys Leu Gly Val Asn Thr lie Trp De Ser Pro He Val GIu Asn lie Lys His Asp Val Arg Tyr Asp 
Asn Ser Glu Gly His Ser Tyr Tyr Ala Tyr His Gly Tyr Trp Ala Ser Asn Phe Gly Ala Leu Asn Pro 
His Phe Gly Thr Met Glu Asp Phe His Thr Leu lie Asp Ala Ala His GIu Lys Gly lie Lys He Met 
Val Asp Val Val Leu Asn His Thr Gly Tyr Gly Leu Lys Asp He Asn Gly GIu Val Ser Asn Pro Pro 
Ala Gly Tyr Pro Thr Asp Ala Glu Arg Ser Thr Tyr Ser Ser Leu Leu Arg Gin Gly Ser Asn Val Gly 
Ser Asp Glu Val Val Gly Glu Leu Afc Gly Leu Pro Asp Leu Lys Thr Glu Asp Pro Ala Val Arg Gin 
Thr He He Asp Tip Gin Thr Asp Trp He Thr Lys Ala Thr Thr Ala Lys Gly Asn Thr He Asp Tyr Phe 

. Arg Val Asp Thr Val Lys His Val Glu Asp Ala Thr Tip Met Ala Phe Lys Asn Asp Leu Thr Glu 
Lys Met Pro Thr His Lys Met He Gly GIu Ala Tip Gly Ala Ser Ala Asn Asn Gin Leu Gly Tyr Leu 
Glu Thr Gly Met Met Asp Ser Leu Leu Asp Phe Asp Phe Lys Gly He Ala His Asp Phe Val Asn Gly 

. Lys Leu Lys Ala Ala Asn Asp Ala Leu Thr Ala Arg Asn Gly Lys He Asp Asn Thr Ala Thr Leu Gly 
Ser Phe Leu Gly Ser His Asp GIu Asp Gly Phe Leu Phe Lys Glu Gly Asn Asp Lys Gly Lys Leu 
Lys Val Ala Ala Ser Leu Gin Ala Thr Ser Lys Gly Gin Pro Val He Tyr Tyr Gly Glu Glu Leu Gly 
Gin Ser Gly Ala Asn Asn Tyr Pro Gin Tyr Asp Asn Arg Tyr Asp Leu Ala Tip Asp Lys Val Glu 
Asn Asn Asp Val Leu Glu His Tyr Thr Lys Val Leu Asn Phe Arg Ser Ala His Ser Glu Val Phe Ala 
Lys Gly Glu Arg Ala Thr He Gly Gly Ser Asp Ala Asp Lys Phe Leu Leu Phe Ala Arg Lys Asn Gly 
Asn Glu Ala Ala Tyr Val Gly Leu Asn Val Ala Asp Thr Ala Lys Asp Val Thr Leu Thr Val Ser Ala 
Gly Ala Val Val Thr Asp His Tyr Ala Asp Lys Thr Tyr Thr Ala Ser Glu Ala Gly Glu ne Thr Leu 
Thr He Pro Ala Lys Ala Asp Gly Gly Thr Val Leu Leu Thr Val Glu Gly Gly Glu He Thr Ala Ala 
Lys Ala Ala Ser Glu Gly Asp Gly Thr Val Glu Pro Val Pro Ala Asn His ne Arg He His Tyr Asn 
Arg Thr Asp Asn Asn Tyr Glu Asn Tyr Gly Ala Trp Leu Trp Asn Asp Val Ala Ser Pro Ser Ala Asn 
Trp Pro Thr Gly Ala Thr Met Phe Glu Lys Thr Asp Ser Tyr Gly Ala Tyr He Asp Val Pro Leu Lys 
Glu Gly AI9 Lys Asii lie Gly Phe Leu Val Met Asp Val Thr Lys Gly Asp Gin Gly Lys Asp Gly Gly 
AspJ^^:^ .' 

Tyr Glu Asn Phe Gly He Tip Asn Tip Gly Asp Val Thr Ala Pro Ser Glu Asn Trp Pro Thr Gly Ala 
Ala Lys Phe Asp Gly Thr Asp Arg Tyr Gly Ala Tyr Val Asp ne Thr Leu Lys Glu Gly Ala Lys Asn 
He Gly Met He Ala Leu Asn Thr Ala Asn Gly Glu Lys Asp Gly Gly Asp Lys Ser Phe Asn Leu Leu 
Asp Lys Tyr Asn Arg lie Trp ne Lys Gin Gly Asp Asp Asn Val Tyr Val Ser Pro Tyr Trp Glu Gin 
Ala Thr Gly lie Thr Asn Ala Glu Val He Ser Glu Asp Thr He Leu Leu Gly Phe Thr Met Thr Asp 
Gly Leu Thr Pro GIu Ser Leu Lys Gly Gly Leu Val He Lys Asp Ser Thr Gly Ala Glu Val Ala He 
Glu Ser Ala Glu He Thr Ser Ala Thr Ser Val Lys Val Lys Ala Thr Phe Asp Leu GIu Lys Leu Pro 
Leu Ser He Thr Tyr Ala Gly Arg Thr Val Ser Ala Ser Thr Gly Trp Arg Met Leu Asp Glu Met Tyr 
Ala Tyr Asp Gly Asn Asp Leu Gly Ala Thr Tyr Lys Asp Gly Ala Ala Thr Leu Lys Leu Trp Ala Pro 
Lys Ala Ser Lys Val Thr Ala Asn Phe Phe Asp Lys Asn Asn Ala Ala Glu Lys He Gly Ser Val GIu 
Leu Thr Lys Gly Glu Lys Gly VaE Trp Ser Ala Met Val Ala Pro Gly Asp Leu Asn Val Thi Asp Leu 
Glu Gly Tyir Phe Tyir Glu Tyr Asp Val Thr Asm Asp Gly Hie T5k Arg Gto Val Leu Asp Pro Tyir Ala 
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FIGURE 
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Lys Ser Met Ala Ala Phe Thr Val Asn Thr Glu Gly Asn Ala Gly Pro Asp Gly Asp Thr Val Gly Lys 
Ala Ala lie Gin Lys Ala Ser Arg Glu Tyr Phe 

♦ 

SEQ ID NO: 197 

atgaaaccgtcaaaattcgttmctctctgctgccate 
tactccgacgtcacgcaaaacgcctcgcaaa^ 

tggtgggcacgttatcaaccgcaagatctgcgcgtga 

ggtcggcgttgatgtgtatgccgatgtggtgcttaaccatatggccaatgaaacatggaagcgtgaagacttaaato 
tgcaacaatacgcagctaacacca^tUtgcggaccaaacgcttmggcaatttaacggaaaaccUtte 

aggctgtattagcgattggaatgatgccggcaatgttcagtactggcgtcmgtggcggtgctggtgaccgagggctgcc 
. acaactgggtggtgtcacagcaac^gta^ 

aatatcaaatcgaccagatmcactgcagagattaccgccggaatg^^ 

ctatgagaacttcttagcgccttatctcaacgccaccaaccattcggcttacgatttecca 

tggcatgaacatgcttcatgatccacaagcctatggcc^ 

acgacggttccgttatcaaatcatggatccgaaagatgaagagctggcta^ 

gcgacaacttacctgataacgaagatcgtgata 

caaatgcaagggcaagagatgacgatgctgtacagcgaccaat^ 

gcggtgaagagcgttctcataccgttgacacctatcagcatgagtte 

gtgagttcgcgttaccacaccttccgaattccagctcgcagcgcgcgcatgtacatgctctaa 

SEQIDNO:198 

Met Lys Pro Ser Lys Phe Val Phe Leu Ser Ala Ala lie Ala Cys Ser Leu Ser Ser Thr Ala Asn Ala 
Asp Ala lie Leu His Ala Phe Asn Trp Lys Tyr Ser Asp Val Thr Gin Asn Ala Ser Gin lie Ala Ala 
Ala Gly Tyr Lys Lys Val Leu lie Ser Pro Ala Leu Lys Ser Ser Gly Asn Glu Trp Tip Ala Arg Tyr 
Gin Pro Gin Asp Leu Arg Val He Asp Ser Pro Leu Gly Asn Lys Ser Asp Leu Lys Ser Met He Asp 
Ala Leu Lys Ala Val Gly Val Asp Val Tyr Ala Asp Val Val Leu Asn His Met Ala Asn Glu Thr Trp 
Lys Arg Glu Asp Leu Asn Tyr Pro Gly Ser Glu Val Leu Gin Gin Tyr Ala Ala Asn Thr Ser Tyr Tyr 
Ala Asp Gin Thr Leu Phe Gly Asn Leu Thr Glu Asn Leu Phe Ser Gly Phe Asp Phe His Pro Glu 
Gly Cys He Ser Asp Trp Asn Asp Ala Gly Asn Val Gin Tyr Tip Arg Leu Cys Gly Gly Ala Gly Asp 
Arg Gly Leu Pro Asp Leu Asp Pro Asn Asn Trp Val Val Ser Gin Gla Arg Leu Tyr Leu Asn Ala 
Leu Lys Gly Leu Gly Val Lys Gly Phe Arg He Asp Ala Val Lys His Met Ser Gin Tyr Gin He Asp 
Gin He Phe Thr Ala Glu ne Thr Ala Gly Met His Val Phe Gly Glu Val lie Thr Ser Gly Gly Lys Gly 
Asp Ser Ser Tyr Glu Asn Phe Leu Ala Pro Tyr Leu Asn Ala Thr Asn His Ser Ala Tyr Asp Phe Pro 
Leu Phe Ala Ser He Aig Asn Ala Phe Ser Tyr Ser Gly Gly Met Asn Met Leu His Asp Pro Gin Ala 
Tyr Gly Gin Gly Leu Glu Asn Ala Arg Ser ne Thr Phe Thr He Thr His Asp He Pro Thr Asn Asp 
Gly Phe Arg Tyr Gin He Met Asp Pro Lys Asp Glu Glu Lew Ala Tyr Ala Tyr He Leu Gly Lyg Asp 
ft#^ 

Glu Gly Val Tip Asn Arg Asp fc^Meityfc^ 

Glu Met Thr Met Leu Tyt Ser Asp Gin Cys Leu Leu Met Phe Lys Arg Gly Lys Gin Gly Val Val 
Gly He Asn Lys Cys Gly Glu Glu Arg Ser His Thr Val Asp Thr Tyr Gin His Glu Phe Asn Trp Tyr 
Gin Pro Tyr Thr Asp Thr Leu Thr Gly Val Thr Glu Thr Val Ser Ser Arg Tyr His Thr Phe Arg He 
Pro Ala Arg Ser Ala Arg Met Tyr Met Leu 

SEQ ID NO: 199 

gtgagtttgaccaaaaaggctcagtacgaaccaaatacggcaccaagg^ 

aatttacggcgatgttgtgtttaaccaccgaggtggtgctgatgggaagtcgtgggtcgataccaa 

aactgggcgacaaatggartgaagcttgggttgagtttaattttcctggccgcaacpcaaatacto 

ggtgttgactgggatgacgccggcaaagaaaaagcgatctttaaate 

aggcaattacgactacctaa 
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SEQ ID NO: 200 

Val Ser Leu Thr Lys Lys Ala Gin Tyr Glu Pro Asn THr Ala Pro Arg Leu Ser Thr Ser Leu Gin Ser 
Met Pro Arg Thr Thr TTir He Ser Lys Phe Thr Ala Met Leu Cys Leu Thr Thr Glu Val Val Leii Met 
Gly Ser Arg Gly Ser He Pro Ser Ala Leu lie Gly Thr Thr Ala He Leu Asn Trp Ala Thr Asn Gly Leu 
Lys Leu Gly Leu Ser Leu He Phe Leu Ala Ala Thr Thr Asn Thr Arg Thr Ser He Gly Leu Gly He 
Thr Leu Thr Val Leu Thr Gly Met Thr Pro Ala Lys Lys Lys Arg Ser Leu Asn Ser Lys Ala Lys Glu 
Lys His Gly He Gly Lys Ser Ala Leu Lys Lys Ala lie Thr Thr Thr 

SEQ ID NO: 201 

atgacagccaaggctgatgacttacgcatttaccagatcatg^ 

gUccagccatcacaaaggcgatctgcaagggateattgactegctggattacattcaatcgctgggcgtcaatgccam 

ttgaatctattccggtggagggacaagaccattgggcggacaggctt^ 

ttggcacgttagaacaagcccgtgagctggtggaaaaggca^ 

aatgtggtgccatcaccacaaggtagactgcctgtcggtgaaaataaccc 

agtuctgggtgaaagagttaaagattgatggctggcgte^ 

gttgatgaagcgtcacagjccgtaacttatgjgaataacaaagg 

cgttacatcacagaaaccggttacggcaaagaaggcgatccggcgttgtgctcggctmgatttte 

gcggttaacgaaagtggtgteagccgaaaaggcg^ 

aamaatgttgggcaaccatgatgtggtgcgcmggggatctgctgcaacgtggcggtattgcgtcaccagaacaaccgcaat^ 
tcataaagcggcgatgtcmcttagcagcgtataccggcccaa 

aaaatcaaagaagattgtgccg^ttggmgtgtgatgaccac^ 

cacagcagtctgaactcaaagtatatgtctcttcattgatgacattacgtcagcaacatcctgcgtta 

gacagagacagtatacgtagaccataaacaggcagacaatgaagccctgttgta^ 

gaagggcaaagcgattggttcacaaggtgtgctgattgamgttaacgaacgagcgttttatgcccaataatggggagte 
gggcmggcgcacgattcctcaagattgacactccgacagcg^ 

gatcatggcccaatgtgatacccxaaccgttgaaggcaccggtccggte^^ 

agcaaaagccgcagcgcgegtatcaatacaaaggcaagcacaatggcagcaacttgtatcaagtggttgtcgatgaaaaagcgg 
aagatgcaatacgccacgaaagattggagcccacagtttactgcaga^ 

ggctacggtaaagacaccgccg^gacgttgccggaatccggtaagUtgtgtggagcttaacattcagtgatcttggcgagccgga 
atggtgtc taagtgtcagtaa 

SEQ ED NO: 202 

Met Thr Ala Lys Ala Asp Asp Leu Arg lie Tyr Gin He Met Val Glu Ser Phe Val Asp Gly Asp Lys 
Gin Val Gly His Gly Thr Gly Tyr Gly Thr Ser His His Lys Gly Asp Leu Gin Gly lie lie Asp Ser 
Leu Asp Tyr He Gin Ser Leu Gly Val Asn Ala lie Trp Leu Thr Pro lie Phe Glu Ser He Pro Val Glu 
Gly Gin Asp His Trp Ala Asp Arg Leu Asp Ala Thr Gly Tyr Phe Ala Ser Asp Tyr Phe Lys He Asp 

Pro Arg Phe Gfy Jht Ike* CH*<^A 
•Phe;J^-^:^^ 

(Sly Glu Asn A^ Wo Val Ser Tyr Prt> Glu Ser Leu Ala Phe Tyr Gto Glu Val Ala Ser tyr Trp Val 
Lys Glu Leu Lys He Asp Gly Trp Arg Leu Asp Gin Ala Tyr Gin Val Pro Thr Asp Ala Trp Lys Ala 
lie Arg Gin Ser Val Asp Glu Ala Ser Gin Ser Val Thr Tyr Val Asn Asn Lys Gly Glu Thr Val His 
Pro Leu Gly Tyr Met Val Ala Glu ne Trp Asn Asn Glu Arg Tyr He Thr Glu Thr Gly Tyr Gly Lys 
Glu Gly Asp Pro Ala Leu Cys Ser Ala Phe Asp Phe Pro Met Arg Phe Arg Vai Val Glu Thr Phe Ala 
Val Asn Glu Ser Gly Val Ser Arg Lys Gly Gly Glu Trp Leu Asn Asp Gly Met Ser Leu His Ser Gin 
Tyr Pro Asp His Ala Lys Pro Asn Leu Met Leu Gly Asn His Asp Val Val Arg Phe Gly Asp Leu 
Leu Gin Arg Gly Gly ne Ala Ser Pro Glu Gin Pro Gin Tyr Trp Gin Arg His Lys Ala Ala Met Ser 
Phe Leu Ala Ala Tyr Thr Gly Pro He Thr Leu Tyr Tyr Gly Glu Glu He Gly Asp Gin Val Asp Gly 
Phe Ala Lys Lys He Lys Glu Asp Cys Ala Val He Gly Leu Cys Asp Asp His Val Ala Arg Thr Ser 
Ala Lys He Asp Gly Val Thr Ala Ser Leu Asn Ala Gin Gin Ser Glu Leu Lys Val Tyr Val Ser Ser 
Leu Met Thr Leu Arg Gin Gin His Pro Ala Leu Ser Gin Gly Gto Airg Ths Am Val Meft Ala Tk Glu 



WO 2004/091544 



PCT7US2004/007096 



FIGURE 16IIII 

Thr Val Tyr Val Asp His Lys Gin Ala Asp Asn Glu Ala Leu Leu Tyr Met Val Set Thr Thr Asp Asn 
Ala Glu Ser Val Thr Leu Lys Gly Lys Ala He Gly Ser Gin Gly Val Leu He Asp Leu Leu Thr Asn 
Glu Arg Phe Mel Pro Asn Asn Gly Glu Tyr Ala He Pro Leu Thr Gly Phe Gly Ala Arg Phe Leu Lys 
He Asp Thr Pro Thr Ala Ala Gly Val Met Ala Gin Ser Ala Ala Ser Val Ser Leu Val Gly Glu Gly lie 
Met Ala Gin Cys Asp Thr Pro Thr Val Glu Gly Thr Gly Pro Val Ala Glu Thr Leu Tyr Val Val Gly 
Asp Phe Ala Asp Ala Gly Trp Lys Gin Lys Pro Gin Arg Ala Tyr Gin Tyr Lys Gly Lys His Asn Gly 
Ser Asn Leu Tyr Gin Val Val Val Asp Glu Lys Ala Gly Ala Tyr Lys Met Gin Tyr Ala Thr Lys Asp 
Tip Ser Pro Gin Phe Thr Ala Asp Gly Met Ala Leu Lys Pro Gly Thr Ala Lys Ser Leu He Ala Gly 
Gly Tyr Gly Lys Asp Thr Ala Val Thr Leu Pro Glu Ser Gly Lys Tyr Val Trp Ser Leu Thr Phe Ser 
Asp Leu Gly Glu Pro Glu Gin lie 

SEQ ID NO: 203 

atgaagatgaagtcccgggcgtggttgttag^gtgcagt^ 
ccagtggaagtacaatgacatcgcc^cgagtgcgaaaaggtgcte 

cacctgcaaggctcctcctggtgggtggtctatcagcccgteagctacaagaacttcacttctct 
tgatcgcccgttgcaaggccgccggggtcaagatttacgcc 
gcagctacaatgccggcagcttcagctatccccaamggctacaro 
tgtgcaaaacggtgccctgctggggctgccggatet 

ggctggggtgtggcaggtmcgtcttgatgcagcaaagcatatgagcgttgccgatctctcggccatcgtcagcaaggcgggcaatc 
ctactccgaggtgattggtgccacgggtgaaccaatra 

tctggcctccaacttcaaggggcagatcaagaatctcaagagcatgggcgagagctggggtctgcttgcgte 
gtcaac<*tgaccgtgagcggggacatggcggtggcg^ 

gcctggccctatggcgcctatccccaggtgatgtccggctatgatttcggcaccaataccgatattggtgggc 
ggctctagctggaactgcgaacaccgctggagcaacate 

gtgggataatggtaataaccagatcgccmggtcgc 

agacgggtetgccagccggggagtactgcaacatetggcc 
ggccaccttcaacgtggcagggatgaaggcggcagc 

ctggctcttcttcctctgccaccagtaacaagtttgccagcatgaatctgcggggcaccaacaatggctgggccagca 
tgccaaccgtgtctggteggcggatgteacctttacc^ 

acagagagctatggcgataeacaagccgatggca^ 

tcgctcaaggagagcgacatgagctacaccctgacccagcte 

caagctgggtgactcagtggtgttcgatgcctccggctccaccgatgatgtgggjgtcactggctaca 

accgaaactgtgctgmgatgctctgggtaccaagaccattaccgtgacagtggccgatgc^ 

tcaccgtcaccgatggcagcgtggcttataacagcaac^ 

cgctggtggcagacaacacctgggaggcaacggtcaacttcgatggta 

^gaapt^tg^togcaac^ggatggggtggcejpaqgta 

ctggtgcccaacgctteaagftegac^ 

tggcgatatcaccagtgccg^ggtgggcacctatctggtgacctttaatgacagcacactgaaata 
SEQ ID NO: 204 

Met Lys Met Lys Ser Arg Ala Trp Leu Leu Gly Ser Ala Val Ala Met Ala Leu Ala Ser Ser Ala Ala 
Asn Ala Gly Val Met Val His Leu Phe Gin Trp Lys Tyr Asn Asp He Ala Asn Glu Cys Glu Lys Val 
Leu Gly Pro Lys Gly Tyr Glu Ala Val Gin ne Thr Pro Pro Ala Glu His Leu Gin Gly Ser Ser Trp 
Tip Val Val Tyr Gin Pro Val Ser Tyr Lys Asn Phe Thr Ser Leu Gly Gly Asn Glu Ala Glu Leu Lys 
Ser Met lie Ala Arg Cys Lys Ala Ala Gly Val Lys He Tyr Ala Asp Ala Val Phe Asn Gin Leu Ala 
Gly Gly Ser Gly Val Gly Thr Gly Gly Ser Ser Tyr Asn Ala Gly Ser Phe Ser Tyr Pro Gin Phe Gly 
Tyr Asn Asp Phe His His AHa Gly Ser Leu Thr Asn Tyr Ala Asp Ajrg Asn Asn Val Gin Asn Gly 
Ala Lean Lew Gly Leu ifto Asp Lsib Asp Tk Gly Ser Ala Tyr Val Gin Asp Gin Lena Ala Tte Tyr Met 
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• 

Lys Thr Leu Ser Gly Trp Gly Val Ala Gly Phe Arg Leu Asp Ala Ala Lys His Met Ser Val Ala Asp 
Leu Ser Ala lie Val Ser Lys Ala Gly Asn Pro Phe Val Tyr Ser Glu Val He Gly Ala Thr Gly Glu Pro 
He Gin Pro Gly Glu Tyr Thr Gly lie Gly Ala Val Thr Glu Phe Lys Tyr Gly Thr Asp Leu Ala Ser 
Asn Phe Lys Gly Gin He Lys Asn Leu Lys Ser Met Gly Glu Ser Tip Gly Leu Leu Ala Ser Asn Lys 
Ala Glu Val Phe Val Val Asn His Asp Arg Glu Arg Gly His Gly Gly Gly Gly Met Leu Thr Tyr Lys 
Asp Gly Ala Leu Tyr Asn Leu Ala Asn He Phe Met Leu Ala Tip Pro Tyr Gly Ala Tyr Pro Gin Val 
Met Ser Gly Tyr Asp Phe Gly Thr Asn Thr Asp He Gly Gly Pro Ser Ala Thr Pro Cys Ser Ser Gly 
Ser Ser Trp Asn Cys Glu His Arg Tip Ser Asn He Ala Asn Met Val Ser Phe His Asn Ala Ala Gin 
Gly Thr Ser Met Thr Asn Tip Trp Asp Asn Gly Asn Asn Gin He Ala Phe Gly Arg Gly Ala Lys Ala 
Phe Val Va! lie Asn Asn Glu Ser Ser Thr Leu Ser Lys Ser Leu Gin Thr Gly Leu Pro Ala Gly Glu 
Tyr Cys Asn He Leu Ala Gly Asp Ala Leu Cys Ser Gly Ser Thr lie Lys Val Asp Ala Ser Gly Met 
Ala Thr Phe Asn Val Ala Gly Met Lys Ala Ala Ala lie His He Asn Ala Lys Pro Asp Ser Thr Ser 
Ser Gly Ser Ser Gly Ser Ser Ser Gly Ser Ser Ser Ser Ala Thr Ser Asn Lys Phe Ala Ser Met Asn Leu 
Arg Gly Thr Asn Asn Gly Tip Ala Ser Thr Ala Met Thr Val Asp Ala Asn Arg Val Trp Ser Ala Asp 
Val Thr Phe Thr Gly Ala Ala Asp Ala Asn Gly Ala Gin Arg Phe Lys Phe Asp Val Tyr Gly Asn Trp 
Thr Glu Ser Tyr Gly Asp Thr Gin Ala Asp Gly He Ala Asp Lys Gly Ser Ala Lys Asp He Tyr Phe 
Asn Gly Val Gly Lys Tyr Arg Val Ser Leu Lys Glu Ser Asp Met Ser Tyr Thr Leu Thr Gin Leu Ser 
Ser Asn Girt Ala Pro Val Ala Ala He Thr Pro Lys Thr Leu Ser Val Lys Leu Gly Asp Ser Val Val 
Phe Asp Ala Ser Gly Ser Thr Asp Asp Val Gly Val Thr Gly Tyr Ser Tip Ser Thr Gly Gly Ser Ala 
Lys Thr Glu Thr Val Leu Phe Asp Ala Leu Gly Thr Lys Thr He Thr Val Thr Val Ala Asp Ala Asp. 
Gly Leu Thr Ser Lys Ala Ser Ala Thr Val Thr Val thr Asp Gly Ser Val Ala Tyr Asn Ser Asn Phe 
Ala Ser Leu Asn Phe Arg Gly Thr Pro Asn Ser Trp Gly Ala Ala Ala Met Thr Leu Val Ala Asp Asn 
Thr Tip Glu Ala Thr Val Asn Phe Asp Gly Gin Ala Asn Gin Arg Phe Lys Phe Asp He Lys Gly Asp 
Trp Ser Gin Asn Tyr Gly Asp Ser Asn Lys Asp Gly Val Ala Glu Arg Thr Gly Ala Asp He Tyr Thr 
Thr Val Thr Gly Gin Tyr Lys Val Gin Phe Asn Asp Ser Thr Leu Lys Tyr Thr Leu Thr Lys Leu Ala 
Asp Ser Ser Ala Thr Ser Tyr Ser Ala Asn Phe Ala Ser Leu Tyr Leu Arg Gly Thr Pro Asn Ser Tip 
Gly Thr Thr Ala Met Lys Leu Val Ala Asn Asn Ser Trp Gin Ala Glu Val Thr Phe Thr Gly Lys Gly 
Asp Ala Thr Gly Ala Gin Arg Phe Lys Phe Asp Val Lys Gly Asp Trp Ser Gin Asn Tyr Gly Asp Ser 
Asn Met Asp Gly Thr Ala Glu Arg Thr Gly Gly Asp He Thr Ser Ala Val Val Gly Thr Tyr Leu Val 
Thr Phe Asn Asp Ser Thr Leu Lys Tyr Thr Leu Thr Alfr Lys 

■ 

SEQIDNO:205 

atgtaccgcgtaatacctattattttgattatgagtatgattgtagcttgtgagtctccaaa 
tgccgaaaaaccctttgmgggaggctgccaatgtate 
gactaaagaatcaggaaaactccgcaattttatgggaggcgatatcaagg 
gttratgpcrt^ggj^^ 

taattacaccaataccac^ . 
taaatggaaagccgaaggcagattagagcaagaactaaaagaacttg 

attattaaatggcttacxgattacatec 

ttgtatgatgaagccgtaattgctmgwgaatataaaaaag 

acaactacggtatttccggcggaaggttctatgatte 

aaatatgatgccaaltmcctacgatacactttttaggaagtacgaUccctm 

tctcacgacgatggaagtccatttgataaaatgcggcaaaaaccatacgagtcggctacaaaattactgcte 

tacggtgacgaaaccgc<*gaagccttaacatagaaggcgca^ 
gaccctgccaagcaaaaaatacttcagcanggcaaaaactggg 

ccttggcaaaaagccgttttacacctttagcagggttta 
aacaaattaccgttaatggtgttmgatgacggtacaaaactt 

cttct^t&gatatag^gttagaacaaaaatosi 
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SEQ ID NO: 206 

Met Tyr Arg Val He Pro He He Leu He Met Ser Met lie Val Ala Cys Glu Ser Pro Lys Lys Lys Thr 
Thr Glu Thr Ala Gin Pro Ser Thr Asn Ala Glu Lys Pro Phe Val Trp Glu Ala Ala Asn Yal Tyr Phe 
Leu Leu Thr Asp Arg Phe Asn Asn Gly Asn Pro Asn Asn Asp He Asn Phe Asn Arg Thr Lys Glu 
Ser Gly Lys Leu Arg Asn Phe Met Gly Gly Asp He Lys Gly He Thr Gin Lys He Asn Glu Gly Tyr 
Phe Ser Lys Leu Gly Val Asn Ala He Trp Leu Thr Pro Val Val Glu Gin ne His Gly Ser Val Asp 
Glu Gly Thr Gly Asn Thr Tyr Ala Phe His Gly Tyr Trp Ala Lys Asp Trp Thr Asn Leu Asp Pro Asn 
Phe Gly Thr Lys Glu Asp Leu Ala Glu Leu Val Ala Thr Ala His Ala Lys Gly He Arg He Leu Leu 
Asp Val Val He Asn His Thr Gly Pro Val Thr Asp Gin Asp Pro Val Trp Gly Glu Asp Trp Val Arg 
Thr Gly Pro Gin Cys Thr Tyr Asp Asn Tyr Thr Asn Thr Thr Ser Cys Thr Leu Val Ala Asn Leu Pro 
Asp He Leu Thr Glu Ser Asn Glu Asn Val Ala Leu Pro Thr Phe Leu Leu Asp Lys Trp Lys Ala Glu 
Gly Arg Leu Glu Gin Glu Leu Lys Glu Leu Asp Asp Phe Phe Ser Arg Thr Gly His Pro Arg Ala Pro 
Arg Phe Tyr He He Lys Trp Leu Thr Asp Tyr He Arg Glu Phe Gly Val Asp Gly Phe Arg Val Asp 
Thr Val Lys His Thr Glu Ghi Thr Val Trp Ala Glu Leu Tyr Asp Glu Ala Val He Ala Phe Ala Glu 
Tyr Lys Lys Ala Asn Pro Asp Lys Val Leu Asp Asp Asn Glu Phe Tyr Met Val Gly Glu Val Tyr 
Asn Tyr Gly He Ser Gly Gly Arg Phe Tyr Asp Phe Gly Asp Lys Lys Val Asp Tyr Phe Asp His Gly 
Phe Lys Ser Leu He Asn Phe Glu Met Lys Tyr Asp Ala Asn Phe Thr Tyr Asp Thr Leu Phe Arg Lys 
Tyr Asp Thr Leu Leu His Thr Lys Leu Lys Gly Arg Ser Val Le i >n Tyr Leu Ser Ser His Asp Asp 
Gly Ser Pro Phe Asp Lys Met Arg Gin Lys Pro Tyr Glu Ser Ah . Lys Leu Leu Leu Thr Pro Gly 
Ala Ser Gin He Tyr Tyr Gly Asp Glu Thr Ala Arg Ser Leu Asn He Glu Gly Ala Gin Gly Asp Ala 
Thr Leu Arg Ser Phe Met Asn Trp Glu Glu Leu Ala Glu Asp Pro Ala Lys Gin Lys He Leu Gin His 
Trp Gin Lys Leu Gly Ser Phe Arg Asn Asn His Pro Ala Val Gly Ala Gly Arg His Lys Thr Leu Gly 
Lys Lys Pro Phe Tyr Thr Phe Ser Arg Val Tyr Gin Lys Asn Gly Phe He Asp Lys Val Val Val Ala 
Leu Asp Ala Pro Lys Gly Gin Lys Gin He Thr Val Asn Gly Val Phe Asp Asp Gly Thr Lys Leu Val 
Asp Ala Tyr Ser Gly Lys Glu Thr Ser Val Lys Asn Gly He Val Ser Leu Ser Ser Glu Phe Asp lie 
Val Leu Leu Glu Gin Lys 

SEQ ID NO: 207 

ctgtcgactgagcctttcgtmgggctegagactgacte^ 

gtegtgggcaggggcctcgaggtecacccacccgcttgagtcca 

acgctcccgcgaacttcggaacgtagacccaccttccggcm^^ 

ttctcacgaatateagctcgtcgttgtcgtagtaaac^ 
tgttgagccactcctcgtagtcgcggtagaatattgtcggctggcccte 

cggtgtcgtggmgcaacgaaggttacggccttaaac 

tgttcttgtfgtcaaaggecgcgtec^ 

ggctatgtctgggaagcctccW^ 
ccaccfflgagaagtccgtecaggtgtagtccccaac^ 

acctttatgccgtaggcatgggccgtgtttatcatgttcacgagctcctgcttggagccaaagcgcgtctcto 
gaggtcaaagaagtcgtaggggtcgtagcccatcgaataggcgccgcccatgcc^ 

cctegtaccactccggtatcttgctcctgatggt^ 
cttccagctcggagtacttggccataagttacctcctactagtagattaaaa 

SEQ ID NO: 208 

Leu Ser Thr Glu Pro Phe Val Leu Gly Ser Arg Leu Thr Leu Ser Pro Pro Arg Ser Ser Ser Arg Arg 
Ser Ser Arg Asn Ser Arg Tirp Pro Gly Arg Gly Gin Gly Pro Arg Gly Thr Pro Thr Arg Leu Ser Pro 
Pro Thr Cys Pro Pro Ser Arg Airg Gly Cys Arg Cys Thr Arg Gly Cys Thr Leu Pro Airg Thr Ser Glu 
Airg Arg Pro X&mr Phe Arg Lean Cys Leu Arg Airg Gly Cys Met hm Ser Vail Pro Ak Cys Ph@ Arg 
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Ser Arg Phe Ser Arg He S$r Ala Arg Arg Cys Arg Ser Lys Arg Arg Gin Cys Phe Leu Arg Pro Gly 
Cys His Val Ser Arg Gly Ser Ala Tyr Pro Cys Ala Thr Pro Arg Ser Arg Gly Arg He Leu Ser Ala 
Gly Pro Arg Arg Gly Thr Arg Arg Leu Asp Thr Cys Ser Arg Leu Tyr Arg Cys Arg Gly Leu Gin 
Arg Arg Leu Arg Pro Thr Gly Arg Gly Arg Leu Cys Pro Arg Ser Gly Pro Arg Arg Val Arg GIu 
Cys Ser Cys Cys Gin Arg Pro Arg Pro Ser Cys Ser Arg Ala Gly Ser Arg Arg Pro Trp Arg Arg Ser 
Ser Arg Pro Ser Gly Val His Gin Arg Trp Cys Pro Ser Thr Arg Gin Arg Pro Ser Arg Pro Thr Ser 
Ala Ser Pro Arg Pro Thr Leu Arg Gly Pro Ser Arg Ser Gin Ser Ala Arg His Gin Arg Arg Cys Ser 
Leu Gly Arg Arg Arg Ser Ser His Arg Ser Pro Arg Ala Ser Ala Gly Pro Ser Ser Ser Arg Gly Leu 
Cys Leu Gly Ser Leu Gin Met Cys Pro Arg His Ser Thr Pro Arg Trp Gly Gly Ser Arg Gly Ser Tip 
Gin Tyr He Cys Pro Arg Pro Pro Leu Arg Ser Pro Ser Arg Cys Ser Pro Gin Arg Thr Gly Ser Thr 
Arg Gly Leu Arg Leu Arg Gly Gly Leu Arg Cys Pro Leu Pro Leu Cys Arg Arg His Gly Pro Cys 
Leu Ser Cys Ser Arg Ala Pro Ala Tip Ser Gin Ser Ala Ser Leu Pro Phe Pro Ser Gly Arg Thr His 
Arg Gly Gin Arg Ser Arg Arg Gly Arg Ser Pro Ser Asn Arg Arg Arg Pro Cys Pro Cys Ser Pro Gly 
Glu Ser Lys Tip Arg He Phe Pro Pro Arg Thr Thr Pro Val Ser Cys Ser Trp Cys Pro Thr Arg Phe 
Leu His Leu Gly Arg Pro Ser Arg Arg Pro Ala Leu Arg Arg Pro Leu Pro Ala Arg Ser Thr Trp Pro 
Val Thr Ser Tyr He Lys 

SEQ ID NO: 209 

atgattcagcccatgcactctcgggaacaggcctgccgte 

atgtcaccctgcatgctttcaactggagctatgccgatgtcgctgatcgggccgttgacatcgctgcagcagggtaeagtgccgtg^ 
cgccacttcgatccgaaggcacggcctggtgggcgcgateccagccccagga 

gfcaacatgatcgatgctcfcgatgatgtgggtgtg^ . 
cctgaactaccctggteaggcagtgcttgacgaatatgcttrc 

gtcggaacatgatttcggaccegcccagtgcattcaggattacagcgatgtgmcaggtccagaactggcggctgtgcggaccgc 

cgggcctgcccgacctggtcgccaatgactgggtgatctctcaacagcgccagtatctggaagccateaaggcgctgggtgt^ 

catagacgcggteaagcatatgcccatgagccatatcaat 

tccggtggggctggtgatacatcctacgaccgttfc^ 

cgccgtgctttcggcttcggtggcagcatgagtgaactggtcgatcctgctgcctacggtcaggc 

atcacgcacgatattccgaacaatgacggatttcgctaccagatactcgaccccgtcgatgaatcactggcc 

gcggtgtcccgcttctgtattccgacaacaatga^ 

tccacaatgcagtccacggtcaggacatgg^ 

acaagtgcggccatgcactcagctcctgggtcaac 

cgttg^aacatccagtcatcctggcacgagttcatccttcccgcccgccaggcacgcct^ 
SEQ ID NO: 210 

MIQPMHSREQAOUJPALBifn f ALA^ 

VLV^mjiSgGFrA^ 

VLTPEniSGLHWGEVITSGGAGIDTSYDPJT.APYLAQSDHGAYDITIJ^TIRRAFGFGGSMS 
ELVTDPAAYGQAii'PDRAITFVlTHDIPNNIXjFKYQ 

NhflsSGDGRWroAWQRPDLVAMVGFHNAVHGQDMAVI^ 
GHALSSWVNMNQSVLWWYADYTDVLDSNSVVNIQSSWHEFILPARQARLWLR 

SEQ ID NO: 211 

GTGTTTCGTrCTGACACAGTTTCGCGTACCTGCATGTATGGTGCGCTGCGTAATGCCTA 
CCAACCCGATCGXjGTGTTTACTGGAGTCACGGTGCGGACATGCAACTTAAAAAAGCAT 
GCTCATCGCCAGGCGCTGTTGTTCATCGTGACGCGGTGCCTGTGCCTGAAATCCAGGC 
AGACCCATAAAAACAACAACAAACCGATAACAAACGACCCAAGCCTTCTAAGAGGAG 

AAAACGGGATGGCTrrTAAACTACGCAAA/^GGCGCTCGTTGGCCTGTTCACOGCCGG 
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CGCAATGGTATATGCCGGTGCAGCGGCGAGTGGTGAAATCATTCTGCAGGGCTTCCAC 
TGGCACTCCAAGTGGGGCGGCAACAATCAGGGTTGGTGGCACHjTGATCHjAAGGTCAG 

gccaacaccatccx:caacck:cgc3Ctttacgcacgtgtggttcccgccggtccataact 

cggccgatgccgagggttacctaccccgcgagctgaacaacctcaactccagctatgg 

ctccgaagcacagctgcgcagcgccatccaggcactgaacaatcgcggcgtgcatgcg 

attgccgatgtggtcatgaaccaccgggtgggctgctgtggctgggcggatttctgta 

acccggactggccgacctggtacatcgtcgccaatgattcctggcccggtggcccgaa 

aagccagaactgggacacgggtgagacgtagcacgccgcccgtgacctcgatcacgc 

caatccgcaggtgcgcaacgatatctcgcactacctgaacagccgcctcaaggacgtc 

ggcttctccggctggggctgggactatgccaagggtttctggcgcggctatgtcggcg 

agtacaactggaacaccaacccgaacttctgtgtgggtgaggtgtgggacgatctcga 

ccccaacaatcccaacccgcaccgccagcaactggtggactgggttgatgctaccggt 

ggcagttgtcacgtcttcgacttcaccaccaaggggctgacgaactatgcgctgcagc 

atggccagtactggcgcctgcagggtgataatggtggcccggctggcggcatcggctg 

gtggccggaacgcatggtgaccttcgtcgacaaccatgacacgggcccgagcaatcac 

tgtggtgacggccagaacctctggcccgtgcgctgtgagaaggtcatggaggcgtatg 

CCTACATCCTGACCCATCCGCK5CGTGCCGTCGGTGTACTG<}ACGCACTTOTCAACTGG 
AATCTTGK5TAGCGAGATGAGCCAGTTGATGCAGATCCGCAAGAACCAGGGCGTGCACT 
CCGGTTCCGACGTCTGGATCGCCGAGGCCCGTCACGGCCTGTACGGCGCCTATATCAA 
CGGTAATGTGGCG ATG AAG A rGGGCTGGGATAACTGGAGCCCGGGCTGGGGCTGGTC • 
GCTGGCCKjCCTCCGGTAACAACTGGGCCGTCTGGACACGCTGA 

SEQIDNO:212 

VFRSDWSRTCMYGAIJtNAYQPDRVFTGVTVRTCMiCK^ 
HKNNNKPmroPSLLRGENGMAF^^ 

KWG<INNQGWQVMEG^A>nTANAGFTHVWFPPVHNSADAEGYLPR£LN^NSSYGSEA 
QIJISAIQALNNRGVHAIADVVMNHRVGCSGWADFCWPDWPTWTW 

WDTGETYHAARDLDHANPQVRNDISHYLNSRLKDVGFSGWRWDYAKGFWPGYVGEYN 

WNTMWCVGEVWDDLDPNNPNPHRQQLVDW^ 

YWRLQGDNGGPAGGIGWWPQRMWFVDNHD^ 

YILTHPGWSVYWTHFFNWNLGSEISQLMQIRKNQGVHSGSDVWIAEA^ 
VAMKMGWDNWSPGWGWSLAASGNNWAVWTR 
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